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FOREWORD
The Weight/Sizing Design Synthesis Computer Program was developed by McDonnell
Douglas Astronautics Company - East under Contract NAS 9-12989 for the National
Aeronautics and Space Administration, Lyndon B. Johnson Space Center, Houston,
Texas. The contract involved a study to derive basic weight estimation relation-
ships for those elements of the Space Shuttle vehicle which contribute a signifi-
cant portion of the inert weight. These relationships measure the pacing parame-
ters of load, geometry, material, and environment. The weight estimation relation-
ships are then combined into the Weight/Sizing Design Synthesis Computer Program.
This report is submitted in three volumes;
I Program Formulation
II Program Description
III User Manual
This Volume contains a listing for each module and subroutine of the program.
Also included is a generalized flow chart describing the subroutine linkage of the
complete program, plus detailed flow charts of each subprogram.
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i. INTRODUCTION
The primary objective of thls study was the development of a Welght/Sizlng
Design Synthesis Methodology to be used in support of the mainline Space Shuttle
Program. This methodology has a minimum number of data inputs and quick turn
around capabilities consistent with the objectives of enabling the NASA to
rapidly: (a) make weight comparisons between the current Shuttle configuration
and proposed changes, (b) determine the effects of various subsystem trade on
total system weight, and (c) determine the effects of weight on performance and
performance on weight. The Executive Sizing and Performance (ESPER) program is
the culmination of this development effort.
The complete listing of the input and output variables, as well as a complete
program description, are found in Volume I, Program Formulation, and again, along
with usage instructions, in Volume III, The User Manual. The program listings in
this volume are as they actually appear in ESPER. They are comprised of statements
belonging to one of two general classes:
i. executable statements that perform computations, input/output operations,
and program flow control.
2. nonexecutable statements that provide information to the compiler about
storage assignments, data types, and program form, as well as providing
information to the program and subroutines during execution about input/
output formats and data initialization.
These programs differ considerably from those in Volume I in that they are not
self-sustaining, but rather, they are totally dependent upon the iterative compu-
tational sequence in ESPER for their execution.
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The ESPER program is a multioption sizing/synthesis program geared to the Solid
Rocket Motor (SRM) Booster in parallel with an external hydrogen/oxygen tank Orbiter
for either the easterly (28-1/2 deg inclination) polar (90-deg inclination), or
resupply (55-deg inclination) missions. Although these are the primary missions of
current interest, the program will handle any mission falling within the inclination
constraints of 28.5 deg to 90 deg as shown in Figure 2-7, Page 2-17 of Volume I.
The program has two primary options:
(a) fixed hardware, and
(b) iterative vehicle sizing.
The fixed hardware option determines the payload capability of a given configuration.
This allows the user to determine the effect on performance of configuration and/or
criteria changes, either real or proposed.
The iterative vehicle sizing option physically sizes the vehicles for a given
payload. It determines the size of the SRM and its propellant load, and the size of
the external tank and its corresponding propellant load. The iterative procedure is
based on the sizing criteria of a fixed staging velocity or it will size the vehicle
to a minimum gross lift off weight (GLOW). The minimum GLOW option is provided as
it is generally associated with a minimum cost operation.
In turn, either of the sizing requirements can be run with a fixed thrust option
in which both the booster and orbiter thrust are set at given values, and the
propellant requirements are determined, or the orbiter thrust can be fixed and the
first stage thrust-to-weight ratio input. The fixed thrust-to-weight options
determines the booster engine size plus the propellant requirements.
Each of the vehicles has several modes of analysis available. The orbiter,
external tank, and booster weight can be determi,ed by the option of detail analysis,
while maintaining a user input dry weight, or no analysis but simply utilizing an
input weight to represent the vehicle. In addition, the external tank and the
booster are represented by simplified equations in which the parameters of interest
are curve-fit to determine the vehicle weight.
In addition to printing out the performance parameters, the option is available
to print out the detail subsystems weights of each vehicle, providing a line item
comparion with the current Shuttle vehicle. The other option would be a simplified
printout, containing only the vehicle dry or burn out weight as listed in the
performance parameter.
Two performance subroutines are tied into the ESPER programs to allow the user
to determine growth characteristics or vehicle sensitivities.
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ESPER is fundamentally based on the control logic found in the Analytical
Parametric Systems Evaluation (APSE) program delivered to NASA at ATP plus 6 weeks.
APSE is primarily a multivehicle program in which many types of vehicles and
configurations can be compared, i.e., fully reusable configuration, external
hydrogen tank orbiter, pressure feed booster, series burn, as well as the current
baseline solid rocket motor (SRM) booster with an external hydrogen/oxygen tank
orbiter.
Inherent with the multivehicle concept are extremely simplified weight rela-
tions. The weight equations in APSE consisted primarily of mass fractions, with
the booster being a function of thrust and propellant load, the orbiter a function
of thrust, and the external tank a function of required propellant. These mass
fractions were derived from study point designs, and required continual updating
to meet the ever changing criteria. With ESPER being based on the current base-
line vehicle, and the multivehlcle studies dropped, the major emphasis of thls
study was directed to the expansion of the weight relationships.
Figure 2-1 presents a simplified flow chart of the ESPER program. The pro-
gram consists of three vehicle modules, two functional modules, and three perfor-
mance subroutines. The vehicle modules contain the analytical and empirical
equations and relationships required to completely define the orbiter and booster,
ORBITER SIZING
__ MODULE MODULE
[ EXTERNALTANK ESPER
( MODULE CONTROL/ASSEMBLY
SIMPLIFIEDEQ. PROGRAM
BOOSTER
MODULE TRAJECTORY
i MODULE
[ SIMPLIFIEDEQ.
GROWTH& I
SENSITIVITY :
OPTION
p
ANALYZED
VEHICLE
MODULE LEVEL
PRINT OUT
l FIXED HARDWARE
I & PAYLOAD CAPABILITY
L_[ OPTION
l SUBSYSTEMLEVELPRINTOUT J
FIGURE 2-1 ESPER FLOWCHART
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and the external tank respectively. These equations will measure the pacing
parameters of load, material, and geometry. The functional modules describe the
vehicle sizing and the trajectory analysis. The output is an analyzed vehicle
which, when coupled with the performance subroutines, will allow the user to derive
growth accommodations, sensitivities, and payload capabilities. These modules
and subroutines operate under the logic and direction of the Control/Assembly
program. This program, in essence the heart of ESPER, integrates the vehicle
modules and combines them in an iterative sequence for the orbiter, external tank,
and booster. This iterative sequence, however, is under the complete control of
the user and is altered according to the option specified by the user in the
'PERF' (Performance) data block. The use of separate modules, which contain their
own input/output common blocks, provide a systematic means of controlling the
logic flow in the programs. The ESPER Control/Assembly logic is shown in the
flow diagram, Figure 2-2, which is followed by a listing of this program.
ESPER
CONVERGE
YES l
RESERVE
I YES
YES CROWT
NO
NO
NO
FIGURE 2-2 ESPER FLOWDIAGRAM
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GROWTH
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CONTINUE
UPDATE
GROWTHCOUNTER
& CONTINUE
FIGURE 2-2 ESPER FLOWDIAGRAM(Continued)
To facilitate rapid turnaround and ease of updating for major configuration
changes, the modularized concept was utilized. The vehicle modules are comprised
of data files and subsystem models.
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These data files are as follows:
i. _RB & _AER@ - ORBITER MODULE DATA
2. EXT - EXTERNAL TANK MODULE DATA
3. SRM - SRM MODULE DATA
Collectively separating the data in this fashion serves two purposes, (1) it
greatly facilitates the locating and changing of input parameters, (2) if an
entire module is replaced it becomes an easy task to replace the existing data
block with the new one.
Linkage of data between the vehicle modules and their subsystem models is
accomplished through named common blocks ending in the letter 'D' (for example,
'STRD,' where 'STR' designates the model into which the data is to be transferred,
and 'D' designates a Data common). Parameters calculated in each model are in
turn linked back to their respective module through argument lists. These calcu-
lated module parameters are linked to the rest of the main program through named
common blocks ending in the letter '0' (for example, 'SRM_,' where 'SRM' designates
the module in which they were generated, and '0' designates an Output common).
The entire Formulation Concept of ESPER, that is, utilizing modularization,
utilizing subsystem models, collectively separating data and common block linkage,
elevates ESPER from just another sizing program to a dynamically powerful tool that
can evolve in complexity with the mainline Shuttle program, thus adverting the
pitfall of obsolescence.
This Formulation Concept makes the evoluation process by the user an easy
task, for subsystem modifications can be made without affecting the rest of the
module, and module replacement can be accomplished without affecting the rest of
the program. The user needs only to program the new module or subsystem, correct
the common linkage and proper functioning is insured.
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C'):V LSU_J f_ L)(<,,_C)
] " 1.DO0 sr[XED
51 - 51.333
5_ - 53.330
_ - 55.930
2, S17,_1R_31g_2,;P3_3_W_GPS,_26_G_7_G32_G33,S3W
I_TSTT_S,T.i3_TewSWT,W_LEWT_TWT_TL_WT_LgTPS
2aBA3E_T,I_TWT_PTPSC_aTTWT_BTmSWTeMCSWTeLDTWT
3eP_9_Te_PP_,=HYCeSCWT
I ;fi _q_;E _3; A C, E4S, TVC, CS_TR, _RoUTL, PR_SYS
2_F_3,_qES, CHIL_VAL,rEEDS_)ISCeMISC
2,A_3_X3EA_,L_)D_K<
56 " 5_.OOO
57 " 57,000
5 _ " 59,000
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_.7 -
67 -
7 _ .
71
7_ -
?q -
74 -
7h -
71, "
77 "
7_
P
RI+
_.7 °
g_ -
g_ -
cl'_ .
9/., -
n7 -
9q °
lOn -
lOB. -
____I O_ -
I0-_ "
_Ot, -
1,07 -
13"_ "
II? "
111 -
II_ -
11_ -
II_ "
11_ "
116 -
117 "
11_, -
11# "
120 "
$1.300 C ExTE_X_L TAw< _JTmUT
sB._3o_.r._ ..................
_3.333
m_.3OO
55.333
73.333 C
71._33
7_._3_
7_.333
=9H494 5L_CW
=_9',/CWTg/_qD3R_,T_TPS,FADTK;FAI_T;FWDBLF,rC=T_S
_FE_YS,F_LA,Pq_VNT,_FTCYL_S_MP_&FTBLA_P_PJ,T_INT
3,_gqr_,_VIO_T,JH3P4L,_RET_,TU_NEL_MISCT_ArF,SJSORY
_,_U,);VwT,_ESr3T_JMOq44_EEDTR,aRSJRT,_BI_S_INE_T
_ELT_V _UT_UT C94_9N 3LgCK
C_44_;/_V_/DVT,)VnN;_V_,3Vq_DVB_P_X2$X3
75,g33 C
7_.nOg C
77._30
7=o330
" 77.033
"_.._53.330 ....
- _1.n30
- _5._93 C
7_.nQo_r._ .....
or_rgV_ANCE (PERt) I_3T DAT_ _L_C<
NA_ELIST P_P_q_PqgP_3_CAMT_CANTY,_CANTP
1;41_E_9,4_EN3",TH3SL, TH_SL_THBVI
3,15°Sv_ISP_S, ISP3565CD,_Td__
6,n_Y_T_ESIDT,MR_gMSIS_,_HSDVT_HS3VP;94_
7,RE_B,_Rg_,NI,BRg_9,3R3WB,L_4GP,HI_G_
R=.3OO I I_PJT(1)
_3.300 IP(r. Eq.O.3) T_V=TWgVI
_,_0 TH_V=TgV
_3.300 _I_2.P_P_3
35,_30 3GL_lI00_303.
_.n30 9L_T-103_O3.
97._00 9L94T'130330.
_=.n33 9L_Lg-IQ:303.
_._30 T_SLT.Pnn3ODn.
1_3.30D m-O.3
131._00 J'l
193,_9D 4q)Vg{1)-3,0
135._30
137.330 10
13_.330
111.330
117.333
113.030
11_.330
115°300
11 _j3_.O
117.030
11='030
119.000
I_3.030
4C5L(I)-3.3
mR_tP).noO
PP9(3).0.3
P_D(3)'3,3 __
g_VC(?}-3,3
3gVC(3)=3,_
90V3(2)t3,3
_gVC(?)=O.O
Ic(oI_F.ST.3.3) _QgP_3I_I_I
I_(_3.E3.1.0) 5TA3V.M3DVB(2)
|;(_|W_eD.EQ.O.D) BRTmIO0.
T_ _.
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I71 "
1_ "
12_ - 125.330
1_ - 12_.n33
1_7_- 1_7.333
IPR - l?m.nO0
1?_ - 133.333
131.- 131.330
13P - I_?._30
139 " l_.O00
1_ - I_.000
_ 13_ - 135.200
13_ - lt_.ODO
137 - l_7._00
13 _ " IlR,_O0
l) _ " lll,)O0
VALTDmiOQ33,
_m3,3
_'3.0
IE_{9_/.NT._T._.OI_ Gfl r_ _D
Ir{_9_.E_,3.0) CTHgV=(THgV+TWgV*2.
1,Cb_(_C_4TY/57.2958)}/_O_N3fl
]_(_SP.NE._.O) CTHSV_TH_V*C_S{OCANTY/57.295_)
T_)_LmCTW_SL
T_9_CmT4_SL'_S(3CA4T/57._58)
..... 1 _ L_ _ 1 .
I_ = I_ _*
__ L_7 " ]_7,
151 " 151.n3o
15P - 15_.9D0
...... _151_.=___153,D00 ....
15_ - 15_.000
1%_ " 135.'30
15_ " 15_.3D0
99_ 1_ Tq_T_.THgv*N_r439
_9" 3FL_WY=fFLSW_'4R)/(i,m4R)
_00 5ST_T-_.7912*gFLg_Y
oOO IP(CIXH_.GT.O.O) G9 T9 100
300 mP_gIm_PT_FL_WR'NSEN35
19=I.(P_9_*Ig_BV+_31*IBP_BV)/P_BPBT
19=9,]S_9-3V
CALL _3_9_EL
_1 IF(rI>_RP.3T.O.O) _9 TB @
157 "
lF_ -
if,_ °
l_l "
16_, -
16";' -
i$_ -
177 "
17) -
17:_ -
173 -
17_ "
173 "
174 -
177 "
17t "
17_ -
1AO -
165tO3p______CIL," _>rt_l<
1G_.330 9gL_'gLg,_T+_=q_@T*I4{_T
16?.nO0 3Lg_'PSLg,+_3L"W
1_".900 T4T_L'qL_+Oa_LD
173._00 I_tCT,._?.3.3l 39 T9 7
12J, J_230 IF(JRL',',.LE.3.9._NJ.J.2LT_3_.T_ 13
177._90 T4_TC-(Tq=BLC._))_3R)+(NgE_3_*TH_SL)
173.730 T_gLI-THgSL*_!SZN3B
17W.730 _PT,(_m:_.ISP_I/(TH_SL*NgE4GB)
175.333 39 T9
17_,300 B_T.(_*ISm_B)/THB3LT
17=,303 _ Ir(f=._,],O) _T,BBT/Tr
1_I.?00 Ts_uT_TC/_L_W
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1_7 = 1_7.909
_v=.3E.17_ISO_*AL_G(_L_¢/(SLSW-PRgPBT))
l(H3Lg,-=_3=oT))
_VT_T_,3V_*DVg_
C_LL 9ELT_V
lq3 "
_191 "
197 "
_31 -
_ -
_'_ .
P07 -
3?3 -
PIt -
"1l "
_1_ "
_1-_ "
P1_ "
_17 "
Pl"_ "
pi_) -
_;>_ -
P?I
_ -
_7 "
_ -
_I -
331 -
_ -
1 "_3_-_23 0____ _S ,_S + 1 • 3 .......
1_1.?39
1_.n30
1_t.O39 C
1_5.390 C
19m.009 C
I]7.000 C
I_.9_9
P39.?03
_91.n90
795._30
_37.900
oOR.mOO
PIO._OD
PII.790
o17.900
Plm,900
717._00
_1_._90
P_I.OOO
_Bu.33O 57
_S.n30 C
_P7.990 C
°Bq.3OO 50
_I._00 C
Pq_.gO3
ESoE_ ITE;ATI,_ TEC_NI_OE
9nv_(1).gv_uC
Ir(()v_-_Vg_.C)._T.53DO.) o_9=gG=,RBO93+50033.
IF((9'/_-gVg_C).3T.SDD3.) _9_BG-=R_P_3+IOOOO •
]rt ().,_R-)Vf'_C).3T,5300.)_SgflB_.__o
IF(V_LIO.LT.3._) %9 T9 5_
IC(V_,I_.LT.TV_LIg) $9 T9 5D
9:_:<!.(gVg_-_)VZ(1))/(gDVC(I}-BDVC{_))
&+(((D_o-_Dvc(i}),(gVg_R-gDVC(2)))/{BDVC(I)-BgV:(3)))
I_(}_'.Pn.LE.3.O) _RBmgS,mR_S+50000,
IV(=_,O_.LE.3.O) 39 T9 lO
...... P_'_(P)'_(1)
VALIg-TV_LID
_¶a. _ ....
I_(rIx=_.3T._.O) GO T9 57
]F(_EL.Eq.9.O._D.DVB.LT.(ST_3V-50.)) 39 T9 50
Ic(_EL.E_.I.O.A_D.gVB_.LT.(ST_$V=50)) 3B TO 50
S _ T9 ?_
T_E SELECTOR 'ST*3V' E_A_LES T_E JSEH T_ CHOOSE THE
_TAS|_G VELOCITY _E WI_HES T4E _R_LEM T_ _E Sg_VE9
+ _
Ic(_Ixag_.ST._.O) G9 T9 100
gq_ ]TE_AT]_
IF(MI';_L_V.:_.n.3) 39 T9 15
Ir(_3.E_.1.0) G9 T9 15
_3_ =
?37 "
_ -
_3_ "
;'_I "
_q5.900
=qG.900
_7.900
_9.OOO
?_I.000
IF(v_LIO.LT.Tv^_I)) 39 T9 15
IF(A_S(_VnNR-nVgN:)._T.%.) 39 TB 15
HGgVg(1)-_V_
IE(_EL.3[_O.gAJS3VB(1)=OVBRm
Iv(_S3L(1).GT.M3SL(_)) M3-1,9
_G_L(?)=M33L(J}
2-9
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS
COMPUTER PROGRAM - FINAL REPORT
REPORT MDC E0746
VOLUME II
28 FEBRUARY 1973
_;7 " P;7.333 55
?57 " _7.?00
959 - 75_,030
771 - P71._73
_7_ - P7_.330
_7_ - 975°333
_7
_7_ - _7_._33
P77 - 777,_30
_7a - _7q._33
_ " ?_._33 133
[_(_EL.3T.3.3] 35 T9 55
IF(_5{3Vq-STA3V)°LT°I.) G_ T5 100
q_v_(_)l_V_
3_ _ _ --
93V_(1)=DV_P _
B_S<I-(qTAGV-R)VC(1))/(BDVC(1)-BDVC(2))
t+(((STaSV-_DVC(1))*($T&GV-BDVC(2)))/(BDVC(1)-B3V_(3))|
=en(_)-=__#._(2]
_3v=(_)=3.3 ......
V_LT_=SqOD_.
3nv=(P)._nVC(1)
A_"_,gLL_Lg+_LgADU+_gPRO_+I_Eq T
C_LL 9JT_wT
_RR -
?_1 " o_1.300
29q - ?_.q33
?95 - _9_.303
_02 " q3t.
_..'i30_ ........ Ir(_'_.E';'O._i 59 T9 110
C
C
_,33
Ir(;E_S.St.O._._).rIx_q3._IE.l.O) CALL _SPER
SALL _4_EM
q_ T5 110
qv_t_ qotIc)_ CAL_ULATIg_S
Ir{J.3T,1) G9 T9 WW7
_ITZ(InR,11We)
lr(3_gw.E';.2._) 4_ITE(IOB,IO_W}
333 Ir(q_w.E-j._.n) WRITE(IO_,IO_8)
_30 IP(3_!_.Eq._._) 39 T9 W_I
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_35
_3Q
111
11 _ -
1T? "
??'4 -
:127 -
"_1 "
1:15 "
:I 11(, -
137 -
_lq -
_,'_ .
1_, 1 -
"4=#_' -
":l_l -
"4_4 -
:1_5 "
q&7 -
•_b,_ .
351 =
•_'_ .
3_3 -
_1_7 -
q_cl -
361 "
"_6_
_35.333 _1 IF(JoTO,1) G9 T_ _5
137.n09 1,nL_/T,3_Y_T,_9_,DVB_°,TO_
1_=.333 IFI3_?w.E:_.4.0) 39 T5 _5
_3_._33 W_I/El138,11fnl #SENT,=R_p_T,BDeYWT_BL_WT,DRyWT
q11.300 11_0 r_4_t('1,_//////////)
q1=.?30 II_3 rP_'4AT(_O_,'3_4T4 STJ>Y__
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3. ORBITER MODULE
The Orbiter Module contains the analytical and empirical weight estimation
relationships necessary to completely define the vehicle. These relationships are
combined into separate models, each model fully describing a weight group from the
NASA functional coding. As an example, the Wing Group Model contains the analyti-
cal relationships describing the weight of the torque box plus empirical relation-
ships defining the remaining elements of the wing, such as leading edge, landing
gear provision, and elevon.
The Orbiter Module is set up to analyze a point design vehicle with minimum
data. The NASA weight report and design data, coupled with a three-view drawing of
the Orbiter, supplies all inputs necessary to analyze the configuration. Volume
III, the User Manual, lists all required input data, and delineates the interface
with the Group Weight Statement and the Design Data Summary. A point design analy-
sis will give a detail line-item comparison with a contractor's weight report.
This comparison will provide insight to variations of payload and performance char-
acteristics as well as indicate subsystems that require scrutiny, either updating
the model to a more realistic level or possible errors in the contractor data.
To run a point design analysis, it is first necessary to determine the perfor-
mance characteristics, if unknown, from the ESPER program by running a fixed hard-
ware case. In this case, the vehicle module weights, propellant, thrust, and
velocity laws are input, and the payload capability is measured for a given mission.
Next, an iterative case is run, using the data from the fixed hardware case. The
payload, propellants, laws, and vehicle module dry weights are input. The program
then analyzes the various subsystems and determines their weight. The growth/
uncertainty of each vehicle module is allowed to "float," i.e., vary either up or
down to maintain a constant dry weight, therefore physically sizing each system to
the point design loads.
The primary purpose of the Orbiter Module is to provide the capability of
analyzing an interated vehicle to determine performance trades and to lend direc-
tion to the overall design effort by answering such questions as:
i. What happens if you vary engine characteristics, such as Orbiter thrust,
or specific impulse?
2. Is the staging velocity optimized?
3. What is the minimum gross weight vehicle for the users constraints?
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4. What is the effect of changes to the primary construction material?
5. How do geometric changes, such as aspect ratio, payload bay length, or
width, effect the configuration?
The inputted parameters start the Orbiter Module iteration for which liftoff
weight, injected weight, etc., are calculated. These calculated weights, in turn,
modify the aerodynamic surfaces; the wing area changes to maintain a constant wing
loading and landing speed, and the tail changes to maintain control capability with
a constant tail volume coefficient. In turn, these modify the surface controls and
the thermal protection system. The auxiliary propulsion system is affected by
injected weight and the landing gear by the landing loads. The body is modified by
reaction from the above systems which, in turn, changes the interstage loads which
ripple changes back through the body. The entire module continues the iteration
until a completely balanced system exists.
Figure 3-1 is a flow diagram of the Orbiter Module, followed by the detail
listing of the Module.
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ORBMODEL
ORBITER
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DATA
FIXED
WEIGHT
ORBITER
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THERMO
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GROWTHUNCERTAINITY
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FIX-DRY LESSSUB DRY
INPUT THE FOLLOWING
WEIGHTS
1. ORBITER LIFT OFF
WEIGHT
2. OAMSPROPELLANT
WEIGHT
3. PAYLOAD-UP
CALCULATE
I.OAMS PROPELLANT
SYSTEM
2.ACS PROPELLANT
SYSTEM
CALCULATE
MISC.SYSTEMWEIGHTS
1. SURFACE CONT.
2. LANDING GEAR
3, ETC,
YES
I GROWTHUNCERTAINITY
AS
* ORBITER SUB-DR
CALCULATE ORBITER
MISSION
HISTORY WEIGHTS
" 1. ENTRY WEIGHTS
2. LANDING WEIGHTS
3. ETC.
;I coNT,NoEI
 ETU N
FIGURE3-1 FLOWDIAGRAM
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CALCULATE WIND
[, WINGGEOMETRY
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C RETURN
FIGURE 3-1
VTAIL
YES
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VTAIL AREA
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J CALCULATE VTAIL I
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TRQ BOX CALCUIATE
EITHER WING
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CALCULATE
EITHER WING
OR VTAIL
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2. SHEARMATERIAL
4. RIBS
5. JOINTS
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FOR BOTH EXPOSED
AND CARRYTHRU
PORTIONS
C RETURN
FLOW DIAGRAM (Continued)
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STRUCT
STRUCT DATAINITIALIZATION
CALCULATE
ORBITER
INTERNAL
LOADS
CALCULATE
FORWARD
SECTION WEIGHTS
1. FRAME
2. BULKHEADS
3. ETC
CALCULATE
CENTER SECTION
WEIGHTS
CALCULATE
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WEIGHTS
RETURN .,_
YES
A
TCAL = TMIN
FIGURE 3-1 FLOW DIAGRAM (Continued)
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THERMO
DATA
INITIALIZATION
CALCULATE ORBITER
BODY TPS WEIGHT
1. FWDSECTION
2. CENTER SECTION
3. ETC
CALCULATE ORBITER
AERO TPS WEIGHT
1. WING
2. VTAIL
3. ETC
CALCULATE ORBITER
SYSTEMS
MISCELLANEOUS
TPS WEIGHT
1. LAND-GEAR
2. ETC
RETURN _'_
FIGURE 3-1 FLOW DIAGRAM (Continued)
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ASCENT
ASCENT PROPULSION\
DATA )
INITIALIZATION /
1
CALCULATE ENGINE
AND ACCESSORY WEIGHT
I.ENGINES
2.GIMBALS
3.ETC
CALCULATE PROPELLANT
UTILIZATION SYSTEM
1. FILL & DRAIN
2. PROPELLANT SYSTEM
3. ETC.
CALCULATE PRESSURANTSJ
SYSTEM
I.VALVES
2.FEED SYSTEM
3.ETC
CALCULATE
MISCELLANEOUS
WEIGHTSAND
TRAPPED FLUIDS
SUMMATION
OF ASCENT
PROPULSION
SYSTEM
C  EToRN
FIGURE3-1 FLOWDIAGRAM(Continued)
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LADSYS
LANDING
/ SYSTEM \
\ DATA /
SCALEGEAR
GEOMETRY AS
FUNCTIONOF
STRUT LENGTH
CALCULATE
NOSE GEAR WT
I.AXLES
2.STRUCTURE
3.ETC.
CALCULATE
MAINGEARWT
1. AXLES
2. STRUCTURE
3. ETC.
CALCULATE
AUXILIARYWT
1.CHUTES
2.SEPARATION
3.ETC.
FIGURE 3-1 FLOWDIAGRAM(Continued)
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W_,3VC_R,INS,ST_3V,_VCDN_3V_NST
5,_EL,T_TC;T_uRLT;T_TC_ [S}q_IS_B,_R_PT
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77 - 77.300 C
7? - 7_.000 E
7 _ " 7_*730
ST_JCTU_E lk=LIT D&TA 3_H_ON BLSCK
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SU93_Y,aWT+TAIL+G37+TgTTPS+SJRFc+T_PRBm+WTAUX÷_R_MIS
SU_LE=SUM_Y'FN3
I_(_IX_4T,3T.O.O) SUN_WT-FIXD_T-SU_DRY
IF(ClX3_T°ST.C.O) 39 T_ 50
9_S+,T-SU3LE*_UNCI
_RY_T=SU33RY+_JN:_T
_I_T-%D=V,,T+PERS3N+%_[S__3+=E__A_DU
_INJaT.gLA_T,ACS=RB+agP_B=-_RESV-mLOADD÷PLOaDJ*_RIFE ..............
IF(_.EO.O.3) 9TRA:'IOD3'
9Lg_T'91_J_T+_TRA =
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18_ - 1_?.333
1_ - 19_0
1R5 - 1_5.333
_ 1R5 ° 155o_30
1_7 " 1_7o_33
I_ 13_,333
1ol - 1_1.330
I?_ " 13_.333
19_ - I_,333
1Q_ - 1_4,300
19_ - 115.330
19_ - 135,_30
197 - 117°_30
_'1 " =31,333
_Lq_LglgL_AT-Wg=_o
_ Tg_SDO
C
C
C
_33
533
rI_E) _EI3_T _BITER :ALCULATI_NS
_-_ i _33,330
_7 - _37.333
?O_ " _3a,g33
_3 _ " _3_'333
_BI3 - ?13.700
=11 - _11.n33
_1_" 21?.gOO
_1_ - _1_,939
BI4 - ?L_,__.30O__
_ls - _15.333
=1_ - vt_.nO3
PBt " =21.g33
_23 - g_3.330 C
>?_ - PB5,333 C
237
p?'}
__33
P3q
23_
B3_
_7
" _B7"_33
" _33"333
_l.30D
Cn_49_/_w_3/ _:,S3_LA4:_T3Cq,T_CT_Cf,T_ETA_Z,_ELm_LH
B_';L_,JLE_CSP,THI_*WA_3(22),T_S(_2)_SL1_SL2_3LE
C?_9_/RWRVT/_3,_UDJ_URS_VTVC_LVT_SPRUD_TAIL<
C_qH_I/HA_/ _9_P_qT_BCANT_BCANTaeCA4T_
I#SC_T_E.ED_SBz_gE_G_3S_£_JOV, FLB_R
PIT_$CT_!$FIXHR_
3_I_=BS, IB_3V, IS_93S,IB=OBV_SCD_STW
_H,_vCgR_Ifl_STA3V_VC_N_V_NST
3_EL_T_TC_THnqLT,TH_TC_IS:_ISmB_:RgP_T
_;_L3_LL=Lg,gL_L_gMSISm_MSgVT_B_S_V_gM_
9_Lg_3P,T_..!9_T_a_,gENS_Sq_W_M|N_LW
9_ITE_ _E_O-SJqr_CE (_AEP_) 14mUT DATA BLOC<
1 A;,S3,LA4B, TmC_,T_CT,BCT_THETA_NZ,DELm_LH_PTBX:
P,PT_E,C_,_Hg,rA_SS_TA_,TE4m_OWW$CSRsT_IN
3_ULE_<EAS_I:P_J_{IL_:LE_AIL _
l _.300 C
" =35.330 TL_=LMS
" B3_.300 IF(O,EC.B,D) _9 T_ 20
- Pq7.30D I_OJT(1)
=
_3_'303 I_,_TE_,_T_wBSTP_3mR_V)
_3o333 WNZ=_Z(J)
P_=.333 _T_T_xTHETA(J)
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_5 _ - °57._30
P71 - _71,_30
CALL vTAIL(J,_LA4aT_WSG_WB_S_UD_TLE_WRS_WRDR_a_H
I,._T_IL,VB_P,T_STR_aRUD)
Y_._ __
=V-_L
SI]_cI=S=qd3
=TAT_KmTAILK
?,_T_XZ(_),CR(p),Rag(_),F_(P),CS(2)_TAU(?).TEwP(2)
Cg_Hg_/_WpC/ AR_SC_LA'4_TOCR#TBCT,_CT_THETA,_Z_)EL_LH
I_PT_X:,_T_XE,F_RHg_rA_CS_TAJ_TEMP__V__SEX_q6_R_M
R,_L_,JLE,CS_,T_I_,WA_S(2_)_TA_S(22)_SL1,SL2,_LE
_7 o - _7_,_0
_7W _7w,3_O
977 - P77.?00
97q - _7_.3_0
oR 1 p_l,_O
_wq - oR_.?30
PRW - PRW$_O0
PR7 - _R7,_O0
_n) - ?_9.303
?_ . o_,900
_01 " q_1.0OO
_07 " qCP.DO0
3q'_'_gxttRw_a/<FAS, A IL m, A I _'P,UaA IL_ WARS, Wl NG<_ TLCQ_ Sw_GDR_ TLH{_
J, 1
CALL T_?wJJ__._LA_JKT)
LH'_,,TLM3
._SC • _:'T (J)/B
crY. (2. *£_(J) )/(g*( I.+_'_=_(J) } )
C_,.'._'(1.-9SC'(1,-LA_B(J)))
SAI' =_,ILP,?E_ICm,CF/-_,_(?,-(1,-LA_B(J)}*CRCrI(I'°BSC)e(AII-P))
C_gT='_ (T4ETA (J)/57, __gS[_ )
C_.(?.,,RAIL)I(_EI(I.+LAHB(J)) )
T_,C_'T4C_(J) --
TTu_'T*TgCT(J)
CH_.,(C_CT)/?.
9_U3-FA IL
R_.,S_J _ .,,14W.*<- _*I;.).*CMR*. 5.. 001
_L.T:_, 1 2. *( TP+TT ) Z_,
WLL_.PE/C:,SI
,./lg.J_A IL,,$A IL
A_'_R. ( C_Ir?.(P4"/4LTR)*_. 75) *_*
AA=., ?5t ( _.,_ S+ _ A)R +_',AH )
SLE -CLE (J) _SEY=
_}LET'?. ?*SLE+VLE(J)
LE_-WLET_OLE(J}
F'IS.SLA'4WT*35000D •/215115,
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91i - _II._33
3P_V'._3.LD_**.3*SHS]_+,O77*(.OOlmFMG*LMG)**.?
ST_=SEXO-STBE-SaIL-SLE
If(_L?'qT°_L1) WTE'I.B7*STE*(,3OIe3ELP(J))**.2
ww_-wA_S(23)*LEA+_AIL_WTE+AIN3<÷GP_BV
Wn_T_mlAANS(_3)+_E4+WTE
_JTINE........... VT_IL(JfOL*_WT,W_3_WB,S_UD_T_LE,WR3,_OR
3IHENS_5_ A_(2)_S3(2),LAHB(_)_TSC_(2)_TSCT(_)
3,U/_(P),CS_(PI,THIN(_I_ULE(2)_WLE(2)_CLE(2)
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qA7 - q_7.D33
q6r - q_R.90D
q71 q71.330
_77 - q77,_3D
_7 _ - _7_,_OD
_ . q_.333
_ - t_.330
3,1J,!_f2),CS_(2),T_IN(2),ULE(P),WLE(2}_CLE(2)
4,EHg)J(?),_ClfP),_C_(_),CHI{?)_LPI(2)_ALP2(?),_I(2}
_,PT_x_,_T_XE_C_,_HS,cA,CS_TAJ, TEHP_U_Wsg_SEX_SL_RSM
2,_L_,JLE,CS_,THI_,_a_S(P2),TA_S(22),SL1_SL2_CLE
C_ST.SgqfT4ETA(J)/57._95S)
T_IT3Cq(J)'IP.*CR
TT'T_CT(J),12.,ST
IF(L_IJ).E_.O.) TT.T_CT(J)
_mTT/TR
_I _ - .1_.703
_ _17 " _17.330
_I_ - _l_._OO
_I _ - _19.930
_22 " W??.333
_P4 - _P5.300
MP.TT/TC
_.q.,La'_P/(1.+LAHB_).(I|.-3._MP)e(|.-MP)-_.*M_*.2*AL88(MP))
<P,<_+(1.-LAHnO)/(1.+LAM_P)*((2.-7.*Mp+ll.*H_,*2)
_CT-=ST(J)*(C_+CC)/2.
.... 5T_C._TqXC(j),_S T
_'J.;.(J).gG(J)
9E._-mCT(J)
TA_TE-T_NLE-_..(t.-L&_B(J))/(*e(J)*(I.÷LAM_(J)))
A'JSLE-57.P_5_._TAN(TA_LE)
_TA,_S.ET_,;P43+,_t.(1.*.OOO33*_N3LE)-(_D.-ANGL[)/_300, ....
_,(_(J)-_.),(1.+3,5.T_NTE).,3D3
Ir(A_(J),LT._.) H-3.O
C_a_CL._+GEE+W
_T_._CT(J)/_
_F.=.(I.-rTAr,.2)_.,5+(20..ETA_NG-M,_)_ETAr**2
_,ii;-[t_r;.2)...5
3EE_-sEE.(1.-_.665,ETaF+7.31_.ETAF,,2),(1.-ETAr,,_),,_5
4_,4-(t*-t_*5.ET_=.*2+21*-ET_F.._)w(I,-ETA¢*.2)*_.5
Cp_c.rr.G_EC.H;
SL_TI.(C_APCL+CB_RF)*ETAF/2,
ET_X_-(ET_w_S-SLRATI.ETAF..5-(1.-SLRATI)*ET_F)
ET_JN;.(2..L_MBP+I.)I(3.m(LAMBP+I.))
RLC_-ETAEX_/ETAJN_
SL]'SCTQT*(I,'_q_TI)
SL-SL1
IF (5L2*GT.SLI) SL-SL_
_nH-_LCO.(SL/_.)._E/(_**CBST)*(2**LAMB_+I*)/(L_+I.)_
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CE _, " _.300
+
_77 - _7.333
+ +?? - +33.700
_36 " _3_.033
477 - _t7.790
_I - _1.930
+_7 - ++7._03
_53 " '+53.333
_57 - _57.333
TEa-C_(J)*qBSPC/23o
T_qTr=_7.5*_'_*I2.1(3*I_I6**_+EMBDd(J}IPTBXE(J)*_F*IE=*R_SPC)
IF(T_T_._T.TPI_r] TRIBF=T_ST_
T_I3T-TCS/(RHS(J}*I_*_
W_¢=_Hg(J)'T_I_=*T_*CF*PTgXE(J)*[E.
A_<=_.°OS_*(_mS(_L*+331*SIN(THETA(JI/57=295_)*_E/
l(C_$T'TF/1.2)))**.92
3(_)=_9[j),<P*_Ei_i(t.+LAqB_)/frA[J),eBeTr*(_.*LAHBP+I_)]*I_
TC=T_(1,-(1.-H)i_LPl(J)*_,/_E}
M_O=TC/TF
<_':_-P.*(1,/(1,-H=m)+_mP*&L_3(_Dp)/(1,*_PP)**_)
<_C,*L_3f';=p)/(Hm=-t.)
BL1=(_L:I(J)-_CT(J]/E,]/C_T
_ELI=_q(J)*_CI(J],NZ(J)*gLI**E*I_.,K_P/(rA(J)*.SITF)
__+T_'T_'(I.-(I.-H)*3_P2JJJ+2,/_[]
9LP=(aL=_(J)-mCT(J]/E.)/COST
_5 _ " _39._30
_30 .... I(F=(J)*._*TE) ....
3(5)=_P.*¢A_(J)igEtC55T*(2.*CS(J)I(.SeTF*([.+Ho|/2.}*e2+_
I+T";W(J)*<.P.T¢*(1,-_=)))
]rtJ.E_._) 3(7)=G(7)*.5
3(1_),(3(1]+3(3)+3(5)÷_(7}+_(8)]e0o1
3(11]-(q(_]+3(_)+3(6)+3(9|)*3.1
3(1?)-.I_,ST_E
5(1;)-.tO+3(3)+°_3-(3(7]+G(8))
3(15)-.10-3(;)÷3(_|*.2
_(l_),_(1)+3(q)+3(5)+317)+3(_)+G(tO|+G(JE)+G(l_|
3(17)-G(P)+3(_)+G(_)+3(9)+3(11)+G(13)+3(15)
3(1_)-._5-3(1_)
3(1_),°?S*3(17]
3(23)'_(16|+3(18)
3(_1)'G(17)+3(Ig]
_79 - &73.303
+_=
_7_ - _71.330
_7_ - _75.333
_75 " _7_.300
_77 - _77._00
47? " _7_.303
_7 _ " _7_._33
_ " _.300 IF(J.E_.I) _S(I<)-G(|K)
*F_ " _.O00 233 CP_TI_JE
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433 - _3_,300
Q_TJ_\
_
1_PV,_1_p2,_L_Sq7_31_3?,G3_S6,37_M,Gg,SIO_II_312'S15_Q16
2_17_71_b19_G22,323_32_eG25,326, G27'G32'G33e33_
I4OLI_IT _EA_{A-ZI
_\/H_I_/ P_9_Pq_9_R._T_CANT_BE ANT_A_TY
5SI " 5_1.3_0.__
503 " 535,DO3
_0_ " _D6.333
___ - s_33 ....
.I_SZANTp, N_ENSB, NSENGS_IH_,S_HSSL-.LI}_WLTOWFLQ_
3_IS=_5_IS33V, IS_93S,13#gBV_SSD_BTW
5_=EL_T_TC_THr_LT_THgTZ_IS=B_ISPB_R_PgT
6_p_=_I,p_pp_FW(2)_DVONC,DV_,DVTSTC,aBSCD_INaT_L&NWT
7_I_J_T_L_WT,53L3_L_ZILL_,P,MATC_-L_L£SR'r_RP
R,_qqL_,_LL=L_QL_LO,9_SISm_MMSDVT_QMSOV p_QM_
9_LS_3O,T,:5,T_W_,SENS,SRSk,HIN_LW
I A_T,qTV_LTV_9'L_LI_NX_NZmFS
_I,_rw,VStPC_SND_4S
_,_aL,T41N,_HSL,RHS,TaUS
_3q - _7_.030
_In - s13.og3
_II " _11.nOg
_1 _ - _i_.300
st_ - 5L_.DO_ ....
51_ " 515.330 C
_16 o SlY.nO0
_17 " 517.333
_1 _ - _l_.n30
51 n - _1_,3_0 ....
521 - 5_1.303
523 - 5?_._OO
525 - 5_5_3 E
527 " 527._30
4,q_,lt_4_TaJPg
E_6
4n"ENT CALCUL_TINS _JE TO
SM_tm(_S,L_TiM_IH_]m(SLWT_NZm(LI'L_IIFS)
Z.(C_,T_V/'49EN_*C_S(AI/57,2_SB)IHTV)
2+(C;,T?V,.4_ENnS*S|N(_|/57._5_]I(LI÷LTV))
1-(T_V*_E_30*cI_(_SI/57.Eg58)*LTV*rS)
2-(qLS/T_N_*H_*FS)÷(_LSWT*NZILS*_S)
RL=T_V*_pFNGS*cS*SSS(ASI/ST.295_]'SL_WT*NX*FS
I_TERSTAGE qEACTI_N5
_37 " 5_7._30
_37 - 61_._30 C
537 " 537t_._
_53 _ " _79.033
.. _5_t - 5_1.330
__ __3 - 545,300
5#_ l 5_,000
.5_7 l 5_7,300
M*_4E_T _AL.u6AT|SNS
MeiTLm_tiX
4LT_?I;I*(LI-Lm)+LOWT*N%*_mFS
lt(_I-:LgWT*N£*_)._J.O
T'_JE :_L:UL_TISNS
C_rD 9ECTI9_ AEISNT CALCULATIONS
31=<l*SrW
Sp,_.3_VCi*,7B*(1,m2,*PC)**'35
._F_'15_33. ......
3,=?..([.75.3.*_E.I_.vSW)/(6.*WFW_2"61)]*i'5*S_*RHOW*E_" --
3S1.51(gW/6.)tI*5t_88"
33=34+GS
FN3=3LA_LT_l_DO3./_l_15"
35=.339*(FNGi.OO1*LN3]**'9
3_=3#+G5
_7,<7
$8=31+G2+33+36 " -
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Ga.q4+_7
PLX'_IILLML
_EIG_T CALCULATIONS
#LV-HLTRP/_L
_x,oLX/rA L
31D.(_X+_Y)*I.2B,RHgL*(LI-XI . _
IF(TBYI.L.E.T_IN) TBYI'__T_IN
IF(TBY,LE.TBYT) TBY'TBYT
I_(TBX.LE.T_I_) TBX-T'II4
C£_TE_ _ECTIg_' rWAME _*LZULATI_4
CF-I./16DDD,
Dr._.D
YCS!_.(6.5*C:,HLTW_,(_BCT*12.),,2.)/(LFS'EF*DF_'_,| .....
_'_-XSSEC*(_gFT*I2,+2.IHF)'_4Dr/LFS
.... _I_/__._55_.2D0 ___
573 " F79.000
571 - _7_._g9
_77 " _77.?OD
_7q " _7q,900 C
57_ - _7&.?O0
_77 - 577._00
37o - _7".?00
9xC_EC-(Iw_,DEL=,_CTiWBCT*LCS}/(_._DF,FAF)
W!_P.(SXCSEZI2.*4L+BXCSEC,_,BCT,12,)tRHSF/LFS
GIB-_9_,(LI-_)'I.BB
CE_JTE_ qECTIg_ BUL_E_D CALCJL_TI3_
l+(=l_^_CT.12./f2.,T_UB)))*l._8
l+(W?-,!mCT/(2._TkUg)))'_.28
GIS-313+GI_
31_-<?*_30.
- 5_9[')_09_C .... _E_TE;_ 5ECTIg_! _INS __£3_Y/&L_ EALCJLATI_N
_7
5_
591
.... ___?_
57_
5_5
5g:_
5.'_7
-5") q
5_6 - 5_5.D90___
" =_7-900
" _D.OOO
- 5_3._90
- _5._D
- _7._00
- &99._09
- _31.D00
_oq - _35.300
517.."*(PLAN_T..O91iAYZ)*(Ag/C_S(WTHETA/57.2_5_))*.01
CE_TE _ SECTI_ _ 399_ CkLCULATI94
&19-J.5_**C9
573.<_
3T_-31_+G19+3_?+3_3
C C_V_ CALCJL_TIg_
C C'_vE_ _ELL CALCULATIg_
C C"VT_ C_E C_LCOLATI _'
S?_.2P9.* !_P'(P.'qF+2.*WBCT'12.)/(2.'HL+WBCT*12")'I"28_'3
C C_V_ Ln_SERg_ CALCULATIg_i
_=R-G?5+G_6+3_7
C T_#UJ%T _T_JCT[I_E CALCJ99!I_NS ........
C ......... T_JBT D._T
LE-(LTV''p+HTV'_R)t',5
rT=-ET*.O0395
T_nJST GI_BAL "Lk_E BJLK_EAD
331-_gE_G_,230.
S_P=S29+G39+391 ....
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_0_ l _3_,330
kl _ " _13.300
_11 _11.?00
_1_ " _1_._33
_I_ - mlm,300
ml_ - ml_._nO
_pn - 673o_33
m3n - mq3,_O0
_1 A_l.nO3
--B_ _ " _3.033
A_ - ASS.333 C
_AI _1.330
3_-6.7i(=V*._01)**°6
_q_=335+G?3
_ETJ_
E_3
SU_JTINE T_E_9(WS3.WESG.TSS_T_TTPS_T_WT_W_WT_AGLEWT_TWT_TLEWT
I_L_T=S,_mSEWT, IBT_'T_=TPSC_j. TT_T_BTPSwT_MCSWT/L_T_T
2,P_9_T,_PP_,o_Y_SCwT)
IMoLICIT _EmL(m-Z)
CnMH_IM_H/=m_=B_P_=?_HT_CANT,_CANT_CANTY
I_nC_TP,NnE_3n_gEN_,THBSL,TH_SL,TH_V,T_V, FL_W_
q,IB_B_,ISp_V,TS_S, IS_V,SSD,BTw
5_m_L_T_TC_T_ng_T.TH_T_ISm_.ISmB_mR_P_T
6_=DI,=R_PgP_=W{2)m3V_C_OV_DVT_TC_W_SCD*_I_WT_LANWT
7_I_J^T,gLgWT,gSLgW,335WmTST{L_S_P_MATCH_TLSSR_r_P
_,n_.3,_LL:LS,_LS_Lg,9_SISO,SMSDVT,_SDV_,gM_
:q_/THE_D/_,CTmB_NC_,F_DTPSsrWDA,CTT_S_CTA_CST=S
I_CS_=TP_C_ATTPS_TA;AST"S_SA_ABTmS_A_A_ST_S
5_C=4g_
D_I_T-(_SC/.tSI)*_.125
_'_DY TPq _EI3_T
_C,rTm_CTO_=N_Ai_UAT
RV'_4Tm_,}gT_S*FADAmDURT
:THTm:TTPqICT_*_HT
:_*_TB:STDSiC_Ai3U_T
_U/T-C_TPStC_I_T
CTgT_=CT_+CS_+CS_
CT_T_T-CT.:T+C_4T+C_wT
A_VTmAqTDqmASA#3U_T
I_TeABTP_A_At_U_T
ATSTA=ATA+ASA+A_A
_T=_WT=_C.JT+=Vr3_T+CT_TWT+AT_T_TmBASE_T÷T_SC_+I_T_T
,_LEAo_3WA*w3PLE
T_:_AT=W3WTmw3LEAT
TAI_ TP5 WEI3_T
TT=S_mTW_-TLEA
T*T-TTPgA*TLTP5*_JWT
TLE_TmTLEA_TEET=S_DUWT
TT4T=TWT÷TLEHT
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_71 - _71.333
_7 _ - _7_._OO
_7_ - _75.330
677 - _77._30
67q - &7R.330
+_ •
67_ " 679.000
_=1 " 6_I.003
_R7 - _R7._30
6=_ " 6_3.330
_97 - &_7._30
6 _ " _._30
7C3 - 733.333
--r
701 - 731.333
7_ _ - 7_?.q03
706 " 7_.300
7_7 - 7)7.300
71 _ - 7t8._0
7_ - 71_.733 C
--_7"_ - 715=333 .......
716 - 716.930
717 - 717.330 C
71 _ 71w.330
7P_ " 7_0.330 C
7Pl 7_I.303
7P? - 7_P.q30 C
7P_ - 7_.300 C
7?5 - 7?5.303
77_ - 7_6.300 C
7P7 " 7_7._00
7Fq " 7_m'030
73_ = 730.330 C
_F_T,HC_;=S*HCSA=DU_T
L_T_T,L_**LDTDS
S?cT=FC*e_CT=¢
TgTTmS=_T_S_T+TWG#T+TTWT+HCSWT
I+LDT_T+mR3._T+mm_+_YC+SCNT
=T=_C_mTPqCON
_vS-qYC .........
_ETJ_
5LJA_gJTI_E ASCE_T(TA=_P;E_SP_C*EN3_TVC,CS_T_;_UTL
I;P_gSYS_A_=_ES_CHIL_m_EVAL_FEEDS_DISC_MISC)
R_AL _ISC,_I_CF,JAC,_9_430
Cq_3_I/M_I_/ aR)m_P_=B_HBT_BC_NT_BCANT_OCANTY
2.Tr._T4.FIXH_
3;IS_5_ISP_V_IS=59S, I3=5_V,SCD,BT_
W_)VCgnR, IN_T_3V_DVCBN,DVCNST
5,OEL_T4_TC_T_SLT_THgTC_ISmB_IS=B_mRffPgT
6,P_9=91_P_gPg_rW(_)_3VSNC_DYB_DVT_TC_SSC_INWT_gLANWT
7,_I_jI, T,_Cg_-T;_3LSW;SL_W,TgT&L*S*P*M_TCH*TLS_R_F=RP
_.q,_L_._LL=Lg. SL_4LO_gHSISm_HSDVT_BMS_VP._MR
9,LS_3=,T_,5,TSW_,S[NS,3_SW,_IN3LW
Ca_/_S_3/="_SPI_4HEAD;B4EAD_H_LL.gULL_FTU_H5
1,_ATL,43L_,SCLE4,HELZ_,SELE_,CmLS!
gE'Jg_tmg,_
ECL=-I.?P_
8TT4ST-;TP303.
_P;JTL'I_*
9C_I_-133.
9_939-I_3.
qn1_3-17.
3E_.3.
_9_R,53.
CALSJLATZ _AI_ Eu314E wT;
£C_T,SAE_S/BETHST*'ESL _
C_L_JL_TE TV3 _T.
TV_J=.OO_P'TgV+_3_.
TVC=TV3J*_gF_?
CO_T_=377.+_7..45E_Gg+_BSO*NgE_3_'53"3_
_AL3JL_TE o_gaELLkNT JTILIZATI_N SYS wT.
:_JTLm3PUTL
C_L_JLAT_ FILL k_ _qklN _T.
Ca3.BCa3
C*LZJL_TE :RESSQ_IZATIgN £YS *T.
m_E_.bPqE_*((T_Vi_BEN3B)/(BETHST*BENGN_})*_.5
C=LCJLaTE C_ILLD3flN _UM= SY$ WT,
C_IL.(BCHIL/BE_SN_)i{T_V/BETHST)_*.5*N_ENGB
CALSJLATE _ECIRC SYS aT,
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7_1 7_1.333
7q_ - 7t_.303 C
_ECT_.B_ECI_,((TSVINSENGS)/(SETHSTIBENONB))*=*5*_Pl
7£f=°I*3T._*) C_|L=O*
CAL3JLATE _E VALVE _T,
73_ - 73_,330 3IAI_-BDIAIN*(TSV/BETaST)**,5
7=_ - 7q&.333 VALVEll,_R_iDIAI4t*I,7_
737 o 777._0 _?_V-_3E_39,vALVE
7_ - 7_R.33_ C CALCJ.ATE EXT T&N< DISCONNECT WT.
7_I 7_I.333 ?I*_.S=I*(.5._I^3,*_.)**.5
7_ " 7_=.333 Ir(_=l.Fq.3.) _|A39=3|aO
7_ _ " 7_,3_0 ....... |F(_OI*FQ.3,) _2_V=HE3V ..........
7F_ - _53._33
75_ - v_5,333
7 _7 " 7_7°_00
763 - ?_D._OO
7FI - 7_1,33D
7_ - 7_QO -
C^L33LaTE tEEn 3U:T _T.
_P_ES,_ILL÷_rA3*3ESe4,4/17E_,
_r'_c_=q_JLL+_HFA_,3ES,71./17Pq*
TII3=_°qF_*3]A_/rT_
IF(_ATL,E_._) TH_Hm,O33"DXAO+*310
IP(_aTL,E3,3} THD_=,O33e3IAD+.030
Tr(_aTL.E_._) T_D_=.OD2*DIAD+.39_
Tq3_13.
76: - 7_5.333
76_ - 7_._30
767 " 7_7,730
7A_ - 75_.390
77_ " 773.030
771 ° 771.300
77_ " 777,_03
77_ " 77_,333
77_ - 775.300
77_ o 7_%000
777 - 777.300
77q - 77R,_30
773 - _7_o_3
. = .
7_ - 7a3._03
7_1 7alo_3O
7a_ i ?_3._30
7_ - 7a_,030
7R7 - 7_7,000
78R " 78g,330
793 " 7_3.330
791 " 731"330
T_E=5=qE_.3IAI_/rTJ
TE_=O.
Ir(_aTL.E3.1) TE_,.OO_*DIAIN÷.308
I_(_aTL.E_._) TE_a.OO3*DIAIN+.010
]r(_TL.E3.3} TE_a.OO3*DIAIN+.330
Ir(T_E.LT.TE_} TNE=TE_
Ir(TgE.LT.TE_) T_EmTE_
q_TBqCLE_I*301_I6*OXA_eTH_I_H9
_+qELE_*_SE_GS*3.1_I6*31AIN*TqE*_W_
JAC=q_LE_*(3.1116/E,)'I2,+gI_D)*3.1_16**01_
_*.?aS*_ELE_*_qE_Gg*3,1_16/2.*(2,+DIAIN)*3,1416
&+_ELE_*_E_GS*3.1_16*)IAIN*TSE*_W_
Ir(:°_GI*E3,1,) Y=,125
Ir(:_L_I,EO*I.) Z-6.2_
HCgJ_L'_,*_SE_39*(YIDI_I_+Z*,I93*DIAI_) __
_+_E_39*(Y*DIaI_+Z*(,_86+R_9)*DIAI_/E*)
&+NgE_S_*(Y*DI_IN+Z*RHg*OIAIN)
S+(Y*31aD+Z*(.I+RHS)*DIAD/2.)
X.(Y*3]aI_+Z*I.E_5+RHg)*DIaI_/2.)*_OE_35
IC(_Hg.3T,,E_) HCgUPL=_C_U=L-X
5C_JmL=_o*_SE_5*CYIDIAI_+Z*,193*DIAIN}
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7g_ - 7_=.333
7gq - 7_,330
795 - 795.D03
7q_ - 79&.DO3
7_7 - 797.030
7_R - 79_.330
_33 - ?33.033
R01 " aD1,30O
RO? " R3=.330
_07 - _37.000
_0_ " m3_.333
ml_ " _13.300
Pl% " =11,_3_
_1 A " _1_.330
_17 - R17.030
_I_ " qlg*DO3
_21 - :_1,330
a2_ - a?¢._30
_27 " a_7.330
ap_ - =_9'333
_31 m_I,333
_3a _3_.300
R37 " _37,003
_3 _ - R3_.333
_I - _1.330
_50 " _53.030
qS! - _51.330
_52 " B5_,330
5+49E_3_*(Y*OIAI_+Z*(*_6+R4_)*DIAI4/_,)
I=/_9._T..PB} 9CgUPL,gCgU_L-X
X-I_T(_CLE_/300.)
E*(,3_17_*)IAIN**2,1+2,*,OI_5_*DIklN**2,8)
9RELgS'X*.I_75*31ADB**2.05+N_E_3_
_$U_=,3t*SU=Tr*(_CBJ_L+_2_V_DV+_DUCT+HBEL_S)
9S_)=T,,Ol*SU=T_*(gCBJPL+_2=V+B2DV+_DUCT+BBEL_S)
_2r)-gCBU_L+_DUCT+_BEL_S+BSUmT+BDR
42¢)-mC_U=L._DUCT+4BE_S÷HSU=T+HOR
CALCJL_TE 4ISC WT.
419_-,31*HIS_r*(TVC+CgNTR+mR_UTL_FAD
_*P_ES÷C_IL÷RECIR+_PV*W_V+H_DV+82_V
SUM DRY WT*
_TgTm41SC/(.OI*4I_EF)÷MISC÷£48
4_I_ _SCE_T _UTmUT
E_3=_C=EN3+TVC+C_NTR+=RPJTL
a_EV_Lw_2=V*HPPV
¢EEDB._PF_+W?ED
3t$S,92_V+dP3V
E_3
1,_3E_,_Xl_AXP_AX_AX3EA_LN_DK_)
IMOLI_IT REAL(_-Z)
C_4_94/MAI_/ :R3P3;P_gPO_BqT_BCANT;BC_4T;_CA4TY
l_C_TP_gENS=_N_E439_THBSL_TH_SL_TH_V_TBV_FLBWR
3,13=_R, ISP3V_ISP_S_IS:9_Y_BCD_BTw ....
_,)VCg_,INE_ST_3V,_VEB4_VCNST
5,_EL, THBTC,TH_SLT,TH_TC, IS=_,|S_B,mR_T
6_P_4=91,P_P_P_rW{_)_V3_C_OVB_DVT_TC_SSCD_I_WT_L_NWT
7_qI_J*T_PLg_T,_3L_W,BLgW_T_T_L_SmP_MATC4, TLSSR_F_RP _
_gL3._LL=L_qL_LS_9_SISm_MS_VT_BMSDVP_M_
C9_49_/LD3)/ LGrTJ_LGVSL_L3LC_L_LS_LBDI_BRCr
MG_-_L_4WT*E35000,/215300,
:Wl-3.
T_ET_uWS,
T_ET_-THET_*3o_59/_3.
=HI.:_I*3.1_159/183.
4UM_T=2.
4UMa=W*
LI=L3LC
LP=,2*L3LC
L3"*5?L_L_
Lw',5*L3LC
L5"25"5
L6=_,
LB=L_*TAN(mHI)
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R_7 " qq7.330 AP • 1._6*(M_/L3rTU)**(2./3.)
mm_ - qq_.930 TWSS3 • WAk+_F_+_C÷BqACE
qg_ " _3.300 ATr • "06*TWSSC**I'I
_'=_91"_9l__#T • T_SC + WP+BRKHT+TWTT+AXLE_*J4TF+T_H
_?_ - q97.333
=aa - =3q.300
=3_ - =?9.303
903 - g33.330
701 - _31.330
_O _ - ?D_._O0____
?Ok - _3_.300
_05 " _35.300
q_6 - a36.000
_ 907 - _37.000
90_ - 93m.300
90g - _39.030
910 - 913.030
g11 " _11.333
912 " _12.300
913 - q13.303
HCSNT _ • .P25*{_T'*.95)
WT • _T + _EgNTH
THETk2 • T_ETA*183./3.11159
SPN • N3_/_U4NT
_NT_ • SmN*,O06_5
TWNT • _NT*NJ_NT
W_N • S=N/266.66667
kXLN • _W,J-._226
STN • TWSSS.._O
wTN3 • TWNT+_W_J2AXLN+_TN+ATFN
NC_NTN • (_T_G**.95)*._50
WTN3 • WTN3+NC_NTN
_FA • W_.1.25
Wk_ • Wkk * 1.25
TWS3C • TwSSC • 1._5
AXLES,AXLES*I._5
WP • WP - 1.25
MCgNTM • HCBNTM*I,_5
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915 - q15.333
917 - Q17.DO0
glR o 91_.D30
91_ = 919,300
323 - 923,330
321 l 921o330
9E_ - q23,000
32_ - 92_.000
925 - _5,330
q27 = q27.000
3_I - q2_,O00
g2_ - _9,300
_30 " q33.330
931 - 931._30
9_? - 932°000
93_ " 913o300
_5 " 935,903
937 " q_7.000
938_" 93B,300
93_ " q39*000
9_1 - 9_1.000
&TF • ATF*1,25
T_TT • TNTT*I_25.
_T • T_SSC+W=+_KaT + T_TTeAX_ES÷ATF+T_HeHCS_T_
T_T • TW_Te,RO
WH_ • _HN*,80
AXL_ • kXLNeoRO
STN " STN*'83
AT_ • ATONe*80
WTN3 • TW_T+_HN÷A_LN+_TN+ATFN*NC_NTN
NGI=T_NT÷_HN
_G2=STN+AXLN+ATFN
_G3=NC_NTN
H_=(T_SSC+AXLES+ATF+Am)_2,
HG3u(HC_NTH)t_
HGE_=HG_+HG_+H53
_*(L3_IA*LG_IA+3,*LGDIk)+IO.))
AX2=AX2
AX3uAX3
AX3EkR=AXI÷AXE÷AX3
LND3<mN_EAR+_GEAR÷AX35AR÷LND_K<
___RE_tJ.RN._
END
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4. EXTERNAL TANK MODULE
This module contains the analytical and empirical weight estimation relation-
ships necessary to completely define the external tank. The basic sizing logic
consists of three basic general arrangement options and three separate iteration
techniques, i.e., solve for specific tank dimensions as a function of volume
requirements with either input of fixed length, fixed diameter, or fixed L/D.
Design features, such as separate and common bulkhead and an alternate forward
section design are also included. A LOX aft option, which simply uses the general-
ized baseline LOX forward method, setting mixture ratio to its inverse and switching
the hydrogen and oxygen densities, is also available.
The external tank module includes a design loads model which considers ullage
and head pressure, interstage reactions, and axial load factors.
A multistation analysis method is included, whereby a number of body station
cuts are examined to determine the effective unit load and corresponding material
thickness required for pure unstiffened Monocoque structure. Alternate material
allowables may be input to handle variations in design temperature and other candi-
date construction techniques. The resultant material thicknesses are integrated
over the total body area using the dimensional data from the sizing routine, to
determine the total sidewall weight. The bulkheads are sized to their representa-
tive loads, i.e., internal or external pressure, and meridional and hoop forces.
Splice rings and attachment structure are treated as discrete items, with major
attention given to the redistributions of point loads and manufacturing processes
such as welding.
The external tank thermal protection system is based on detailed MDAC point
design data with input unit weights for alternate design concepts.
Other external tank subsystems are expressed as either input constants for
such systems as avionics, or simplified sizing equations, where, for example,
plumbing weight is a function of engine flow rate and overall tank length/diameter.
Figure 4-1 is a flow diagram of the External Tank Module, followed by a detail
listing of the program.
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EXTANK
iNVERT
MR AND SWITCH
DENSITIES
l UPDATE IHITIAL
GEOMETRY
GUESS
EXTANK ]
INPUT
DATA|
INITIALIZATION
YES
NO
YES
NO
I N°
. CALCULATE INITIAL
TANK DEPENDENT
VOLUMES
- I CONICAL SECTION
Z BULKHEADS
I 3 ETC
1
CALCULATE REQUIRED
TANK VOLUME RASED
ON PROPELLANT
INVENTORY
| SHUT DOWN
2 CHILL
] ETC
1
CALCULATE TANK
CYLINDER HEIGHTS.
BASED ON REQUIRED
VOLUMES
1
ITERATE FOR
OVERALL SIZE
BASED ON
I FIXED L D
2 FIXED L
3 FIXED D
HEAD HEIGHT IN
CONICAL SECTION
J IST STAGE
2 2ND STAGE
L
,r
INPUT THE FOLLOWING
1. DRY TANK WEIGHT
2. RESIDUAL WEIGHT
3. TOTAL PROP WEIGHT
I GROWTH UNCERTAINiTY
11
FIX-DRYLESS SUBDRY
CALCULATE I
HEAD PRESSURES
1 IST STAGE
2 2ND STAGE
MULTI STATION
ANALYSIS FOR CYLINDER
WALL THICKNESS
I BASIC HOOP STRESS
2 MARGIN OF SAFETY
CHECK FOR COLUm
BUCKLING
CALCULATE
ST_CTURAL WEIGHTS
1. SIDE WALLS
2 RINGS
3BULKHEADS
4.ETC
l
CALCULATE MISCELL
ANEOUS TANK WEIGHTS
I TPS
2 FEED SYSTEm
3 RETRO ROCKET
SYSTEM
I
EXT TANK WEIGHT
AND RESIDUALS
BASED_
PARAMETRIC
EQUATION
GROWTHUN_EBTA,HTY_
°,_ TANK SUBDRY /
FIGURE 4-1 FLOWDIAGRAM
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L'_.=DY-lZjLT] T'Y .=: ( K; NC )
I " 1,330 srlx-:3
- 2.333 C
3 - 3,333 C
- _.033 C
5 - 5,330
5 - 3,030 C
7 - 7-;_0 C
q " _,333 C
9 ° 3-333
13 - 13,033
11 _ 11.330
12 - 12,330
_3 - 13.ooo
15 °
13 °
17 -
19
1_,333 C
15.3oo c
13,333 C
_7,303
lS,333
19,300
.... [XTEq_AL TAN< 5J3_JTIN£ ..............
CS_B_/_AI_/ =qS=_,=_o9_BBT,BCANT_BCANT_SCA_T_
I$5_A_T=_N_EN3_,N_N3_,THBSL,T_SSL, THSVaTSVsFL_
23 " 23,330
21 " _1,333
22 = _2,330
23 = 23,330
_5 " 25,330
2S "
27 "
2q "
29 "
33
31
32
33
3 _, -
35 -
36 "
37 "
23,333
27,333 C
28,333 C
_9,333 C
33,000
31,330
3_.333
33,333
3_,333
35,330
33,333
37,333
9_LSN3=_TS^9_TSaB_SE_S,3_B.,41_3LW
S_ 5JT=UT C5_3N BLS:< -
_UNSZ_T,Ex_INS_BBSLU_._R_L_5_
5_P3_SS_P_BS_T_:=_BPB_oD_YAT_B3SLJ __
6,rIx355,Sl'P37
38
39
_0 "
_1 "
_2
_3
3_,333 C
39,333 C
_3,OOO
_1,033
_,333
_3,330
_5 " _5,330
_7 - _7,333
_8 o _B.333
_9 - _9,030
_BITE_ BJTPJT _5_5_ BLSC<
I_C5_3_WTB_S,_SZ_3_:_?=SY_4TS_T<_H_DJLE
2,5_3_XS_TaBP_=_SJ_CK
I,p-.T_=S_5_.SRESv,=_SA3U_=LS_DD,ICSP_5_aSP_5=mSJ3LE
2_FIX_,FIX*50_53_Y*T,SRIFL
2_W_a3=_SV_P_TN3GTAI.,TSG_T_ST_TTSR33_TL_a_RJ_RS
1_37_31,32e33_3_37_3_39_313_311,312,315_315
50 " 53,333
51 " 51,030
52 " 52,333
5_ - 5_,333
55 - 55,033
55 - 53,333
57 " 57,333
58 - 5_,330
59 " 59,333 C
2,G17_318,319,S22,323,3_,G25,3_6,G_7'332_G33,33_
3_G35_33_
l_TBTT:S_T^3.T,43_T._3,£_T,T_T, TLE_T,_L_T=S
2_n_T_I_T_T#=T:SC_,TTAT_3T_S_T_S_T_LDTAT
3_PR_T_=m_C_:_YC_SC_T
2_a3,=_ES,S_IL_:_ZvA_,_EE_S,31SC_ISC
t_L_3<_31_N3bNS3_N3Z_31,M32_M33_P3EA_I,AX2
_;AX3, AX3[A_aI_D3<<
4-3
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORT MDC E0746
VOLUME II
28 FEBRUARY 1973
60 - 60.000 C
61 $I.300 C
6q " _1,030
6_ - _.OOO
67 ° 57*000
6_ " 6q.033 C
70 - 73.030 C
71 71,ODO
72 - 73°000
75 - 75.000
74 - 76.030
77 - 77.303
_ 7B - 7Q.330
7_ - 7_.nDO
@1 - _I.030
....... 8_ " _5,_00
EXTErnAL TAN< _JT=UT CSH_@N _L@CK
I_Cg_ISCT,TPSIN,CYLSCT,SCY_M_ACTBLR_INT_PR@SY_ARTNK
2,_E_SYS_F_3BLA_mRSVNT_AFTCYL_SUM_FTBLA_PNPJ_TWINT
3,NggcA_,AvIe_T,JM]PNL,WRETRB,TUNNEL_MISCT_BArF,SJBDRY
_U,3_Y_T,_ESI_T_JND_4_FEEDTR._RSJRT_FBIAS_INE_T
5_G_gsS_,TLNM_,@T_AP_EXTL_EXTN_BLKHD_EXTHbEXTHH_SIHPTK
EXT_L-_AN<-(EXT) I_mUT DAT_ BL@EK
nI,LI,LD,NR_40, THET_,HHI_M_I#UmER_#LA_F@mqEb_RE$
_,_U=_ES,gUmRES_LC,_F_.C@4_L<HD_BX_K_UPE_F_
5_CT_5,UCTmS, LCTmS, CYT_S_INT_S,DHTPS_FIXDWT_GJP_
5_T)V,_TISP_AVI_T,MISCT,AFT_H_I_NXI_X_XL
_FI_TK_INERT,D_Y_T_RESI3T_m_@MIN
I;(=,E9.2.3) G@ T5 I
IN_JT(1)
L-LI
Ir(ClXg_q.3T,O,O} 3@ T_ _00
IF(;I_mT_.3T*O.O) @@ T9 500
Ir(_rT._E.3.) @9 T@ 11
_ T9 17
@@ T@ 600
R7
...... 9")
91
q?
- r7.330 C-- _SET Lgx _;T(I_VERT MR K SWITCH DENSITIES}
" _.030 X_o_=gJP_ES
9_ - _,O00 rgE_-71.
q7 " _7,g00 _q T_ 13
lOg " 100o000 _DE_=71*
101 " ]31.OOO _,_I
I0_ - 13_.000 C INITIALIZE DIMENSIONS DFuFIXED DIA_ETERj
IOq ° 13_.303 C Lr-rlXEO LEN3T_jLN,FIXED LID;LI_DI_N_I ARE
lOW - 13_.300 C I_ITIAL 3JESSES
10_ " 135.330 13 _=a_I
lO& " 135.300 rUEL'_gP_T/(I*÷H_)
107 - 137.300 9xI)=;JEL*_R
IOR - 13q.000 IF(Lc. E3.3*O) G_ t_ 5
109 - 13_.333 TV3.=_JEL/CDEN÷3XID/_DEN
113 " 113,300 3"((TV_LII728,)/(.785_*LC))**,5
11 _ -
lI'_ "
11_ "
11_ °
114 -
I17 "
I_3 °
11=,330 L,LI
113,000 IF(Lr,GT,o,O) L=L c
111.000 10 IF(L3,BT,3,) DmL/LD
115,330 3=3=2.*<
11_.000 C= .... CaLSJL_TE )E=EN3ENT DIMENSI_NSJTHETA IS FWD
117.330 C C_NE AN_LE I_POTTED--_-DEG_EES
11@.000 15 IF(_LK_3.ST.2.) 35 T9 16
11a.000 ND-_,*N_CSS{THETa/57,Eg5_)
I70.300 15 HC,I*5*O-.S*_DI/TANIT_ETA/57.2_55)
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171 1_1o300
127_-_._U_,330
IP_ " I?_,330
193 - I75.300
127 o 127o979
1_7 " 133.733
1_1 111,_33
I_ _ " 137,930
13_ - 13_,330
1_7 - 137._30
1_1 - 1t_.330
1_3 - 1_3,093
I_I 1_1,039
1_ - 1_?,_33
I_ - I_.330
I_ - I_._00
I_7 - 157.333
1_I 151._33
I_ - 1_39
15_ - 155.703
15_ - 15_.330
157 - 157._70
15 _ - 15_._33
R'DI3.**,5
...... Ir(%<_D.3T._.) Gg_]_J!___
_Cg,4_.136_/SI_(THET_157._958)
C C=L_JL_TE 3E=F_3ENT vgLU4E_
V_LEII2_I_IHC_*(_II2+_*5_÷_lt2}
17 V_Lrl.261RiH:*(3*,2+D'_D+ND**2)
= - l_f3k<aT.3T.l.O) V_LCIVOLA
VnL31VgLl
C S_LSJL_TE _PELL_NT INVENTORY
C..... cL_ZL INVEnTOrY
I_ - 153.930
1_ _ - 1_.733 36
177 - 173._33 C 4A_I4\_ _OEL IN T_NK
171 ° 171.gOO__VClT14Axru_-r_E_
177 - 17_.730 S _L)EL VSLUYE
17_ l 17_.030 C ADD rJEL JLLAGE VgLU4E
17_ - 175.300 Trv_.,rJVnL_JPERr
17_ - 175.000 C AO_ VSL DISPLACED BY L_X LINE IF
177 - 177,_00 TrVITITrVFL+DISPV =
17_ = 17_,000 C 9XY3EN I_vENTgRY
17_ " 17_,303 9_T_Tl?,7312*9_L_WY
I_3 " 1_3,333 I_(_X.NE,I,0) 5STA_T=,3M2_SrLBWY
I_I - 1_1.330 9_JT-,_565*_FLgWY
_Jr-,l_5,gCLgWX
rEZT_,,_O1_9_O_grL_WX
_C_ILLl.01355*_LgWX
- _L _ 35"Sr_W x
rE_-.I_I*gFLgWX
IC(4_IAS,GT,3,) r_IAS-_BIAS
r_E__,rEED_*rC41LL+rE_G
31S_VE=,037C_pI(HH-H_)*SFL_Y
I_(_.<_D.ST,I.0) D iS_V_=O,
IC(_T.E_.9.D) 35 TO 35
JpE_,X_Em_
rpoZSSl.gO132A,r_EL,rJO_E_/1_,
r_E_=,DO_57.CLJE._(UPE_r+EA-2,)_r_P_ES/_O,
_5 cP_TSS=,O3_63_rUEL*rJ=RES/W_,
CoES=,O_6&7*_t'E_*(UPER_+LA=2,)e_BP_ES/WO,
_4IN_L F_EL L_3
_4=J_,_UEL+rcT_RT+FSW_T*FEE3r*rCHI_L+_ENG*F_|&S_FOR_|N
C_M_ON BLKH_ DES
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. 1R_ - 1_6o333
__ I_ - 1R4o330
rEE33=o_55*SFLgWY
9C_ILL=°OFO_,5#L_WY
_E_3=°_O35_IFL_WY
_g_A[NmO.
IF(_L<4_°3T°I°) 5_A[_-OOO.
5LI_E'.30_*(HH-H_)wgCLgWY
IF{_.<_a_o_T°loO} 5LI_E=.OO_6_(HH+.5_D+LCBN)eSFL_Y
1_l 1_1.33D
_. 1_? " 1_?,330
I_5 - 1_5,300
1 °7 " 1_7._00
I_ - 13_._3 0
1 _ - 1_._30
_31 _31._3g
-----2.2L__--._3S,339___
pn_ - P39.OOO C
__ _13 - _B13.333
Pll _11.030 C
.... _1_ " ?1_.333 E
_1_ - _1_,_39
_.____EP!g_.________l_.D30 ........
_17 - _17.930
_1_ - _l_.nO0
:?,, - o_.79 O
PPR - _.903
Pql _1.930
_33 - ?t_.333
_35 - 236.339
37
P
38
C_____XV3E_ L_ING ALLOWANCE
5_LLSWmggXL*(_A-I,)
_AxOXLm_9_SXL+gALL_
C _XI_d_ _xYGEKI 14 TA_<
_AXITm_AxxL-?_EL_W
C 9XVSE_ V_LJHE
_XVL,_AXDII/9_E_ ....
_? 9xysE_ ULL_SE VBLJ_E
TgV_L=gXVgL,J_ER5
fUEL T*_ _EI_T AS rJ_CTI_N 5_ TT_L rOEL T_N< V%L
REQJI=E_ LESS _REVIOJSLY CALC DEPEMDENT VOLUHES
IF(_H-LT,HR) HHsHR
IF(_L<_).GT°2.) VgLG=3.
C 5xv T_( CYL _EISmT AS FJNCTISN eF TOT 5XY TANK VeL
C _JI;E9 LESS mREV CALC 3E = VBLSJIr COME IS _[3
E E_JO_ CYL HEIghT (HS) IS SET E_UAL TO ZERS. ...........
_9=(TgVVL*I72_,-VgLD'V_LF-VBLG)/I,785WID_)
_____]C(_5"LT'3") _=0"______
Ir(_L<_3"GT.2,) HN,O,
C C_LCJ6_TE _VEnALL TAN< LE_3T_
Ir(_L<_._J,1,9) LI=Lt+HR+LCSN
C ITEraTE T9 RE,dinED DI_E_SIBHAL CONSTRAINTS
.... I_(_(LI-L).LT._,) 33 T5 _0
Ir(Or._T,_ ") L'LI
IF(Or. GT.O.} _5 T5 15
Ir(Lr. GT.9.) 9I)_(LI/Lr)
IC(LO,BT,O,) L-(L%+L)R,
_" T9 19
C C_LOJL_TE _ROP I_VENTO_Y SJ_TST&LS
rEEOT_,rEEOF*.3333+FEE_B-._t8
=_J_T=FPRESS+_RES÷9_ESS+SqES
_ESIOT=JN_RA_+rEE)TR+oqSJpT+rBI&S
_C ...... C_L3 _ESULTIN_ VSL___E_ :HECK__A3AINST RE_D_.._LS_
9TQ&=.FEE39+SFN3+OCHILL+FEEDr÷_ENG+FCHILL-FEEDT_
9xVLr-(VgL)+VgLF+V_LS+HOI.785W*D**2)/1728,
rUVLrm(VgLA+V_LC+(HH-_),.7RS_eD,,2)/1728,
C C*LCJL_TE LIrT-_FC OXYBE4 HEAD HEI3HI_IS HEAD ABOVE
IrtarT.E_.O,3) 35 TB 37
JPERS,X_ER5
9U_ES,XJ=R
5PPES=XS_
9P_ESS,,D_36_*XIO*SJ=RES/W3,
3n T9 3_
9_ESS=.OOI3_5.XI_*SJ=RES/%_,
5mE;-.DD_57.XIO*(UPE_+LA-_.)*_RES/33,
_MI_L 5XvGE_I LSAD
_gXL-_xIO+ScTART+_SH_T+FEEDB+BCHILL+SENG+B_ESS+_D_AIN
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>_ - _.n33 C 9o aELN_ H_NE/CYL C_NT_UQ aQEA<
B_7 - B47.003 C IF YES ITERATE ¢_ff HEAD WEI$NT IN CBNICAL
747 - 24_.793 9XV_Ll=gXVgL*I72_,-V_L_'Hfl*.7B5_*D=*2
SE3TI_N
P_L_Z'__P_.31.333 .........V_I,,_IS*_O_I*[DLe2+9-e-D/-_IJem P)
_ " P=7.gO0 24 444-4_1
P5_ - 25).333 25 Ir(44.EC.._) G5 T9 51
?_1 ?_1.nOO 39 T9 5_
_3 "__L_26_.333 .C.... 9xY JL? ULLA3E PRESSC:E
P65 - PSi.nO0 C fUEL JLT JLL_E _qESSJqE
o_7 - o&7.qgO H _XY =;T _E LILT LIFT-gF# _EAD =RESSUPE
PAn ° R59$300 C .... rlEL =rT DgME 3LT_LIFI_OFF__F-!ID.__RE.S$URF
PTn - _7_,_gO _OMllIH;q+HRl,rDEN.NXL*rS/172F,
P71 _71,'_ C _',_ BT_SE rOLL _SAD
P7_ " P7_,n33 _JEL2m_gP92/(1,+4_)
P7R - _7_,_03 C 2'Jg BT_SE 9XY_E_ LBAD
PT_ - 77_,3g_ 9XIC?-rjELP*_
P75 - 0Z5,993._ X;LL2-_JEL2+NAXFIS__EJ-:i=F_SBLRL-ECMILI
P7_ - 77_.733 x_XDP,gXIDB+_X_IT=_XID-_STA_T-BC_ILL
_77 - 977.093 C 2ND STASE FUEL VSLUHE
P7 _ - _7a.?O0 VY_,_ULP/F_EN
p7_ - 77_,300 C 2_r_ BT&_E 9XYGEN VSLJ_E
P_? - _3.n33 VX_,xg_P/_3EN
=St - 251j233C___ 2_0 Srm3E _UEL_EA3 H__IGM___
P_ - ?R>,CO0 IF(44.E_.4_) G9 T9 53
9"_ - £_,330 4F_?,tV_LA-17_8,*VXF2)/(IF_A,*DISPVF/(NN-HR)-,TBS#*Oee_|
pR/ - ?qT,_gO C_ _ CALSJL_TE. BND .S.TA_E_gXYGE_EA_#EIGHhIS _EAD
pwR - ?_.nOg C _flvE 9_ _EL_W CSMEICYL :O_TgUR BREAK
_3 - _n.333 Ir(49?,CT._) G9 TB 26
P°1 _1.333 3n T9 2o
PmP - ?_.333 C IP YES ITERATE _R _E&_ 4EIGNT IN CONICAL SECTISN
p_ " o_._33 9XVNL?'VX'_2*lT_B,-VOL_'HS*,785_'D**2
_91'_ - _)5.233 27 _,_-_,,_9_X*TA_(THETA/57,295B)
P37 - _7.333 IF(_BS(SXvCL2-VgO),LT,IO0,} SB T8 25
P_ P]_.330 4_,(_XVgL2=W94X)/V52
qO_ " 933.333 2_ 4_,4_HX+_6
301 3D1,330 39 T9 50
30? - 332,300 29 _94_eHgP
303 " 333,000 E _XY kFT D_E ULT pND STASE HEAD PRESSURE
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q3_ -
305 o _5.q30 C
q07 - _37-9_ C
_11 311.333 C
fUEL ACT D_HE ULT 2ND STAGE _EAD P_ESSJRE
JLT _Y AFT _PME JLLA3E+NEAD P_ES EITHER LIFT-
_Fc 9; 243 STASE WHICH EVE_ IS 3_EATER
:_D_NmPJLL_+gHD41
I_(gND_.3T.5_D41) PSDSMmP_LLO÷SHD42
JLT _JEL _CT DP_E ULLASE_HEA3 m_ES EITHER LIFT-
31o -
_i _
. 315 "
_17 -
q_ -
323 "
qP_
q_7 -
312,333_/.___9EF. 5; 2N3_ST_A. cr_..,tE_____TER
31_,730 IF(E_3_2,3T.rHDM1) PF_SMmPdLLF+rHDM_
qlS.ODD C I_ITIaLLY SET WT_S & T,S T5 ZE_B BEFSRE 8E_IMNI43
315.333 C _ULTI-STATISN A_ALYSI5
q17°330 W;_.O,
_3,_33 _LDSX,O.
_._9 C HlJLT]-S[AT_O_ A_ALYSI; (_UEL TANK REFE_ T5 aFT TANK
q_',._?O _C...... A'O _wy TANK _EEE_RS__!W_D_IA_; THE REVERSE__I_JJI£__JkLIJ____
q_5,_O C T{_j= =9_ THE LNX AFT 9mTIB4 BECAUSE BF LINE 18,5
_._33 C _T _ESI_IN3 Or P_93RAW; THE FwD A_D ACT TANKS ARE
q27.933 C T_:_E INALIZED I_ENTICALLY IN THE EVENT THAT THE FWD
_2 _ " q_,O3D
_31 q3_,_33 C
tu< lq L&R3E AN3 THE _rT TWK IS SWILL _D VICE VERSA)
_Et ST_TI9_ LffCATIgNS rS_ CUEL TANK CYL WALL A_ALYSIS
4_Y(I)=.125-(I-1)*_
C_L_J_TE _UEL TN< CYL WALL _EAD _ES _ HFX(T)
_=_VE CYL _ASE BY CO4==RIN3 aITH LIFT-OFF AN3
2_D 3T_E HEAD 4EIGHT5 AS CALCULATED PREVISUSLY
lq_. -
_7 "
_-}g .
_7.330 _HCC-(Yr_-NFXtI))*FDE_*NXL*FS/172_,
q_4'_O0 Ir(=NS1.LT,F_C2) 35 T9 59
_W_.333 3 n T_ _3
_l.330 59 ¢_C_,FNCP
3_._39 ..... $0_ I_(¢4C_.LE-O,}_[H_X=D • I
_.999 C An_ rJEL JLLAGE mRESS T_ PESJLTINr, HEAD PRESSURE
_w5 - _W5.390 C
_7 - _w7,ggD C
CACT(1)-_Sx+PULL_
5_T STATIqM L_CATIPNS r9_ _XV TANK CYL WALL ANALYSIS
_x(I)=.125"(I'I)*_9
CAL_JLATE 9XY TNK CYL WALL HEAD PRES _ HBX(I)
2'__ STASE _EAD HEIGHT3 AS CALCULATED PREVISUSLY
I_(9_I.LT,OHC_) _9 T9 63
3q T9 6_
_7 - _57.393 C _ 9_Y ULLA3_ mRESS T9 RESULTING HEAD _ESSJRE
_ " _5_,393 C S_L:JL_TE fUEL TA_K SENDIN_ 45HENTS
qaI - q51,§39-C--- CALCJL&TE 5x-YqE_-TANK BEqDI43 MBN(_TS
_q - %q,900 C CALSJ_ATE fUEL TNK THICKNESS REOUIREO DUE T8 ULT meES
q6_ - _.333 TrT(1)o_CT(1)e3_,5/rTU
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17q - q7_._03
_71 " _71,330 C
_7_ - q7_.390 C
_71 - _71.300
_71 - _7_,q30
_77 _77._0 C
CALCJLATE 9XY T_K THI:<NES_ _E3_IRED OUE T_ JLT =RES
Tq{I),9HCT(1)*31,_/FTJ
C_EC< FLIEL T_K TwICK_E;S E qET = 9_ _EATE_ THA_ T_IN
I;(TCT(I).LT.TMIM) T_T(1)mTMIN
C_ES_ 9XY TN< T_ICKNESS & SET • B_ GREATER T_A_ THIN
I;(T_(1).LT,THI_) Tg(1)mT_I_
C_LSJLATE JLT LIft- 9or & 2N3 STAGE AXIAL LOAD JSE
_41_ EVE_ I_ GREATER
_I__m_AXqITeFS*_XL
^L_mX]X_SIN_S
ALMA,1
Tr(_L_,_T,_L1) ALmAL2
C_S< _3IN _C SAFETY _P C_LUMN _UCKLING F_R _,M,l_
_ _×IAL _OAD WIT_ I_TERNAL P_ESSJRE STABILIZ_TIO_
_I - _R_.330 TX,TrT(I)
_w_ - _R_,_O 39 T9 70
q_w - _Rw.330 L_.gL_Q
qn_ - _,_O_ TPRESm_J_QES
q_q - _3_,q33 C Ct_evE lit 9F qqJH_'S 3eAmHS
q"'+ _W,_33 73 IF{LXR,ST,I,3) 35 TO 73
q_ " q_R._33 A,I,3W_PT+,_oq6_tLXR
_o_ - _7,_30 amT,_+7,9375_lLX _
_h - _.3hD
_nl _nt._3O
_0_ &h_.333
_,)w _3w.333
_1_7 - _37,3_9
_I _ " _I_'_33
_IR _lR,_30
_i _ - _1_._03
W2_ "
_h -
w?5 -
71 Ic(LX_.3T.,5) G9 T_ 7_
3q T9 7_
72 C,).&31R1-.5)I761LXR
3_ T3 7q
73 I;(LX_.3T.W.3) 3_ TO 7W
Am_.935P6-o6715661LXq
IF(LX_,LT.P.O) 3_ T_ 7_
75 r,R._w_q-,21P13W_LXR
3_ T9 7_
7W IF(Lx;._T_6, D) 3B TB 7_
_m_,615R5
3 _ T9 7_
76 IrrLx;,ST.16,_) _9 T5 77
A.5.W7?_-.1WI_O_*LXR
Ir(LX_,LT._.3) 3_ TO 75
3't T9 7q
33 T_ 7R
3,LXR/(-,&2637_iLX_-,33_016)
C_ITICAL STRES_ CALCJL_TIB_
_._'4.3_0 rCR.rZ'RE.E
_.?w. 300 r,q Zinc .QXTi*3
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',_ - w'_._O3 C C_E_T R_R I_iTERNAL oRESSDRE STARILIZATIB4
_'_1 - _q3.t33 rPT,T_ES,.SID/(_.#TX)
_ql _qlo_3_ =A,(=C_+DLrCR+r_T)i2,BFW51tO.TX
_35 - :}5,333 C CALSJ_ATE HARGI4 _F SAFETY _WD INCREASE T IF
_e _qe._03 TYmTX+,_O_
I_A)EQUATE
_ _+_.030 C 5LJ_ _JEL TkN< T_S FBR _VE_GE CkLC'JLATI_N
_ _._33 3n T9 6g
_5_ - a_._g3 C _U'_ 9xY TA_< T_S =gR _VERADE C_LCULATI_
_HI _51,_OD TA_=TA_+TD(1)
',SP " _SPL]QO__ ....... :ALS _,)EL _T__<_CYL wA_jJ. _._TAD3 ,Q05 T__] rSq _ATL T_LERA_CE__ .
wS_ - _31,_03 _rfl),{TFT(1)+.ODS}.3,1Wl_g*3.,125*HF.RH9
_5_ - aRS.3OO C CALS ;L_EL TN< CIRCJMCEQE_TI&L WELD @ 3.5 WI)E
_b_ - _5_,_30 _LD:(1),(TrT(1)+,335)*3,1_I59,D.3,5*RH_
_7 - W_l.?DO _L?_W,,;LDFX+AL3=(1)
_5+ +5m._30 C+...... "A " _ ............................ L+ 9xY _K CY6 AALL wT ADD ,005 TO T F_R MATL TBLF.._RA4CE
_61 _£1._33 C SAL: 9xY TNK CIRCJHFERENTI&L *ELDS @ 3,5 WIDE
_6 _ - _.333 _LD_(1)-(T_(I}+*DDS)_3,I_I59.D*3,5,RH9
_4 - _w,333 R+ S_,_tI_JE
+_& - ++_,033 IP(4+.mT.a4} _9 T3 85
_A7 - '+67._33 WLD_T-*L_9(1)+_LDD(9)
&Tq - _73._30 _5 4LD_T-_LDeX
----%71 _71;_33 -+ WL_:T-_LDF(1)+WLD=(9)
_7_ - W7_.?OO C R]_3 'II_IH_M GAJSE
_7_ - ,,7wo_O0 C AVE_AC;E FUEL TkNK T
_7_ " _75,_9 AVET_TAE/_+
wT& - _7&.n_ C ....... _vE_F;E _xy_EN TAW< T
W77 " _77°_D0 AV_T_TA9/_.
_7q " _7_._30 C CAL: _. 9r L_ITUDIMAL _EL)S _kSED B_ 15_ WI)E SHEETS
WR_ - W_3,_99 _,t q7 I'I_103
kqt w_l.030 g>.156.il
W_5 - _R_._OD C C_L:J_ATE INTEO-Tk_K 5ECTI_ WEIGHT
_m_ - _41,933 TI_T-Tg(1)
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@1=7 -
WRR °
_q3 - _3,300 C
_4 _5.333
-SO'; "
5_t, -
•%07 "
wRT.0_O IF(Tg(I).LT.TFT(g)) TINT=TCT{3)
_u_.33 O aINT,(3,t_159*D÷3.5*S_S),(TIMT*.OOS)e(_'=HR+LC_N)e_H_
C_LCJL_TE CUEL TN< L_N3ITU) I_AL WELD WEIGHT
LVL3C,Hc=SEG*3.5*(AVrT÷,OOS)*_H9
Irt_L<_3.E3,1.O) L_L3E=_H_SE 3*3"S*(AVFT÷'OOS)_H_
CAL:JL_TE 9XY T_< LO_SITJDINaL _EL3 WEI3HT
AFT rJEL_L_HD THICKneSS
_FT rJEL _LKAD RIN3 A_E A SIZEa r_; ELASTIC STABILITY
AA_I(_AFDI(e_I_)iI3/(]'tE) )!lt5
_3_.nOO C &rt _xv _LKH3 qlN3 ARE_ SIZE3 Fg_ ELASTIC STABILITY
...... Itl
59_ - _)_.ngO C r_O rJEL BLKHD THICKNESS
_I_ - _13.303 Tr_'_ULL c'RI(2"_TU}
_11 " _11.033 Ir(T_r_.LT'T_IM) TFC_'T_I_;
_I _ - _IP.3OO C F,D ;JEL BLKqn RInG A_EA SIIED rgR ELASTIC STAqlwlTY
_i _ - q1_._D _r_,(=JLLC,R/?.),SI_(_O_/57"_95B_
)iw - _ILLDO9 _r;;,(_rFQ,(._*3I,*31(_.*E))**.5
:IG - qI_.093 C _BI_qT 9F ArT 9XY BL<43 RIMS A_D WEL_
_I _ . _IR._g9 _Ag;,_.l_ISg*n*R_9*A_3 _
_I _ "___..._13'733 ......... _A_'_49"_'5_( TAg_÷'OQ-5)_3._W_59*('_3_* _-'_R'_-_+D}
_p_ - _3.990 C WClSAT _F AFT rJEu BLK_D _IN3 _NO 4ELD
%_ _W.mOO C ,rFI3HT qr rW3 FJEL FL_aO RIN3 AND _ELD
_>5._33 ^#r_,3,1_ISg*D*RHg*ACr_526 "
5;41 _1.793
=_= . =3_.33q
5@I " _1.?33
C
C
93
C
_1: r ,_• ; -.Iq =.? • 5 ',, ( Tr r :_÷. 035 ) * 3,1 _, 159* ( • 333 _l_*SE G÷D )
IFf:_LzH3,E3.1-O) 39 T9 -OO
3n T9 ql
C'=_9_ SL<-ID T-B_R _ASED U_I _EVERSE FUEL ULLAGE
_rAE_SJ;_E AND ISg-3RI_ UATL.
----TCcq, ( • 3C_961_÷( • 9333236 *r_=qEs) )*R
,v-'IS AT '_F CS"AM_N ;UEL __L<H3 _N3 WELD
WCF_mTCrP*2, *3, 1WI 5g*R*HR*RH_
_CI;',_,_W'_,3,5*TCCBw3,1_'159" ( • 333_,_*SECi÷D)
C E.< ,,ilT_ AFT 9XY BL<HZ) TENSION L_AD REQMTS
It(_S.cq_,_LT,WAm_) .4CFBmKA.gB
IF(_Cr_,LT,_ABa) _CFW,_ASW
,_rq,_CrB
_=5 " _45.000 C F=:_ _SNE AND FAI_IWG ANALYSIS
5_7 - 447.030 C 3_q :_E _ALL THI3KNESS
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_o n - &qg.ggo ZF(A_.GTQHH) nA=FmO*q;/3_3,
c_1_ - _10.O_ C ST_JCT'J_&L WEIGHT SUgTgTAL$
_lq - AI_*?OD CYLCCTwWgX÷WLD_T+LWLD_
_1_ " _t5,739 r_'.'_tK'F_LF+C_NSCT÷CYLSCT÷_TBLF
_I? - 6i7.DO_ ...... A_TSYL'_FX+HLDrT_LHL_ c
_IR - A_T_LAmWAF_+AA_R+_KFA
A_ - AFT_<m_A_LA÷_TCyL÷ACT_LA
_2_ - NnqcA_e_RAIR÷_¢AW
A2] _tT ),g.D.INZ-gZFINE 6/g
_LSJL_T_ IN_II_E_ _NVI_N F'_T _ITq 10_ _N _=T
I_TZR TANK T=5
TP_INl(P**WR÷LCgN)*3,1WI59*_*INTPS/I_,
Nn_ FAI_ING TPS
TPq_&=3.1_I59*,5*(dCT_*ND÷LCT_S*OC)*(HC'HCOt/
_2_ " _P_.DDO ..... _(CgS(THETA/57,?_gS_JJLL_N,I
_rT 3n_E T=S
_14.703
a_3._93
aP1.q_3 C
_IO.DDO C
_ql.gOg
AI_.DD3
_q. DD3 C
A_ - AwD,03Û
AS1 - _51.933
_A_ - A_,333
_1 - _1.D_3
_7 - _57.333
_6q " 4&_.303
_T CYLINDER TPS
TP_SY=3,1_159*3*H=*CYT=S/l_,
T_gC_,O.
T_qSJ'Û.
S _ T_ _
_,_3D-C- -- AFT CYLINDER TPS :BR C_HMON _L_HD CASE
_w TPSSY-3,1_159*O*HW*CYTPS/1WW,
TPqI_'O.
_5 Ir(_L<40.GT,2,} _9 T_ 96
3 _ T9 131
c_.'? S_NE TmS
_6 TP_mD.
TPSWC=O,
S n T5 I01
97 T_SSNlC,l_lSg*,5*(LCT=S*SD+CYTmS*D}*HCS/
rl_ CYLINDER T:5
TPSCJ=3.1_I59*CYT=S*O_W9/1_,
TPS]_=O.
TPS:YIO$
3 _ Tg___
9_ TPSIN=3.
99 IF(_L<_D.GT.2.) _ T_. 103
39 T_ 131
*LrERX_TE rw) SECTION _IrHgvr fAIRING
100 TD_EA=Do
TP3_C=3.
c'_3 C_E TmS
TP_S_-3.14159*.5*(JCT=S*ND+LCTPS_D)*HC/
TPq AEISWT SJ_TgTALS _ITH 10_ N_N=_PTIMuM
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71 -I - 7IS.POD Tv:I',ITm_,6+_5÷aP+,'II+aSL+PS_+WSr+WFDU]+WD_IA{_+WA')U_
71_ - 715.D00 _+w?,L+WSL_+wSLr+W_LL
71 _ - 717.DOg C T_T_L 5TRJCTJ_E WEIGHT
71_ " 71¢,730 gqD$R==FWDTK+WI_T+AFT_¢+_OSrAR+TWINT+UHBPNL+TU_EL+BAFC
71 _ - 71_.?_3 C _RgOELLA_T SYSTEH;-BA;ED 9_ )ETAIL P_I_T DESIGN aITH
7_1 - 7_1.0D0 C _ATI_ _ND TANK DIMENSIgNS
7_ - 7_.030 Ir(_L_D,3T,I.0) 35 T9 103
72_ - 7_3.D00 C :gMM_N 3LKHD INTERNAL LDX LIWE
7_4 - 7_.33D 9_VE_1-56_. ..
725 " 7_5.000 qVE_f-iPT,
7)7 - 7)7.000 I_(49.GT.H4) G! T9 10_
7_ • - 7_.70D C L_W rS_WA_)
730 - 733.300 _xrEED,(lg.5+.Ol_2_,HF)_FL_WY*_.5
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7_1 " 7=1o330 _PR_Sw61e$_3=wHc/_9_o
7_ - 7qP*_?O arE_3=(_lo59÷,O3176.3)=OrLSWX=,o5
. .... -_ z--
7_J, - _*'d93 3_t T9 1_5
7q_ - 7_5._00 C L_X =_T
73_ - 73_._33 192 9>_E_,1_2.+1C9,-4_/159_,
7q7 " _q7*_O0 9xrEE_l(19,5÷*Ol_22.,5.0)*SFLO_×'*,5
7_: - ?_._30 C SF°=_ATE _LK_PS EXTER4_L L_ LINES
7_W - _W4,D33 aJC<T=3,
74_ I _,D33 ..... 9YvT_T=52_,
7_7 " 7W7._30 4rI_,F_*+1DO,*3/31_.
• _7 - 7_._33 Irr49.3T._4) _9 T3 lOW
75 _ ° 753.333 C LSw ==Q_Am)
7_ " 7_w._33 _EZ)=(qW.21+.O1333*3)*9_LgWX,_.5
_ - 7%5,_33 3 n T9 136
75 ¢ - 735._33 C LnW ArT
757 ° _7._03 13# 9w=_ES'12R.+lq_*,H4/1_73.
7_') - _53.q30 4rE_),(_.21÷,O1333*(q_+LCSN)).BFLSwY*.,5
76_ - 7G_,_3 C Cq_ _ qL<_D TNTER_AL LSX LINE J_C<ET U4DE_
7_ - _5W._3_ IF(TTSP,LT,T4I_) TTS==TMIN
7_ " 7_5._30 T"_r'(FMCT(1)*IO.*_X'*l.5/(E',_8157))'',_
76_. - 76_*300 Ir(TBMT,LT,TMIN) TRSTmT41N
7_7 " 7_7,_0D _,J_K.(.5.ITTPO+T_ST)+,O3_].3,I#I59,2°*RX*I,_
7_ " 76q,nO3 T'A_=i_NCT(9)*10,*[_X÷3o]*_I=SIIE*'88157))**_
77q - 773,_00
771 - 771.733
77_ - 77_._30
77q - 77_,_03
77_ - 775._03
77A - 77_,_30
777 - 777,n03
77_ - 77_,30D
77q - 77_,_33
7W 1 - 7_1.333
7R_ - 7R?*333
7RR - 7R3.333
7R_ - 744.g00
7R_ - V_5.330
7_A 7_,OOO
7_7 - 7R7.9_0
7R_ - 7R_.3OO
7n1 " 7_1,333
EXTErNaL PRES
I¢(TJ_R,LT,T41N) TUOR=TMIM
TLm_.(_CT(1)*IO,.(RX+3*]**_,5/(E*,SBt57))**,W
I_(TL,R,LT,T414) TL_R-T41N
4E_3=(TJ_R÷TL_q+,31)*SD,_3*1_159"(_X+3,)*2,
_,1.P5";45
4JC<T=_,]Oi(WJ&CK÷4E_3)
C 4IS_ mRqP SYS CgH:gNEMTSISJH=,_3SYS
136 SUM=,P23,
m_ISYS-I_5,
C ov_OELLANT SYCTE_R SJ_TSTALS
rE3_YS=qWCEED+HrEED+_JCKT+_CIR
_SVNTI_P_ES+_VENT+gX_ES+9×VENT
_NP.J=P_ELJ+_USYS
_SSY.rEDSYS*P_SVNT+_M_J_SJH _
C ESTIMATED TAM_ INEPT aT rS_ _ETR5 SY5 CALCULATION
xORY=(ggD3RP÷TgTPS+PR)SY+_VI_T+MISCT)*(I,÷GJP)
Xj_TmXDRY+RE_._IDT
C _ETR9 RSC_ET SIZING
_Po_SPlXINERT_3EL_/II,-(1,+SJP)_°3_S*DELX)
_ET_S11,365*wR=_3_
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793 - 7_._33 C TA"< 5U_TgTAL DRY WEI3WT
- 7_ - 71_°333 SI_Y=_M_3R=+TOT=S÷m_ESY+AVI3NT+HTSCT+WRETR9
7gl_ - 7_t_O0 C 3q_,,T_/JN__T_TA__N_Y AS PERCENT _ OELTA TO A cIXE_
7q_ - 7_5.330 C _y _[RHT
7_v - 7_7,79D I;(_IXD_T.3T,O,) 3U=rIXD_T-SJBDRY
7oR - 73_.300 C T_< TgTAL _Y WEIGHT
..... 77_ - 7_._00 _qvaT=SC_D_Y÷GU
R_q - _3.gO0 C Ta_J< TgTkL INERT AEX3HT
_?o . _37,33D C
q_q " _I.030
_4 - _3=.033 C
_7 - _37.g30
.I _ - _13._30
=_1 " all._O0 C
RI'= " R1_.333 C
RI3 --_I_.933
A17 - R17.3_0
_21 " a_1.333
Rp_ - a_3.ODO
_27 " RR7.0OO
R_I _t1.3g0
I_E_T,)RV_T+_ESI)T
ZYT_R_AL TAN< _ROSS WEIGHT
3mg_s_:,INE_T÷mRgPgT
ZXT_R_)AL TANK MASS F_ACTIBN
TLaH_-P_P_T/_qOSSW
E_3L_
C
C
C
533
EYT]-]
EwT49=_
EXT44=_
3_ T9 7O0
..... F I×_D__ffEI3._T EXT_NNAL TAN< CALCULATIONS
_EST)T-qESIDT
INE_T,DRYwT+_ESIDT
q_9_$_-INE_T÷PRg_gT
3_ T9 700
E_TER_AL TA_K 51M=LI=IE3 EgJATIBN CALCULATI_Ng
ORY_T=D_YWT*(1,11520=,OOODOO1_OE*_R_PgT)
DNYaTtDRYWT*(,g38317+,OOD3000567*=R_P_T)
C_:_,_ I_, 777+ IH_693*RATPR5
SC_--3_957.6-_W_.OO*RAT=R_
S_C-,_7_36_÷,02141_ATP_9
CFD=-.OCOIO_8_7-.3OOO1SO_*_ATP_8
_r_y_T-CFE÷CF=*=_5=BT
Ic(=_D=_T,LT,]O03330 • )
I_(=RgP_T,3T,IO03330,)
_QY_T=D_Y._T/1.D75
SLI=SJPe_RYHT
];aV,IT=]_YvT+3U
_R - 4ta.300 INE_T-D_YwT+RESIDT
R3 _ - a?n,_90 3u')RS_=INEQT+P_gmgT
_n - _1.gO0 TLAH_-_OpgT/_q_SSH
w_l " _l.ggO 3A T9 70D
_w_ - _3.309-C .... _|x_) LA_DA EXTZRNA. TANK CALCULATIONS
w_ - _WW.30O C
R_ - =W5.DOD &33
RW_ - aW6,3OO
ww7 - _W7.300
]RY_TmPROPgT_((I,3-,95N)/,gBW)
_ESI)T-2_O_,÷,OOIgT_emRB=OT
INE_T-DRYWT+_ESIDT
_ " q&_.OO3 TLAMB-P_Op_T/G_OSSW
j_50 - mOD.D3D 733 C_TINUE
_51 - _Gt.O30 _ETJ_
_52 " _5_.30D EN_
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5. SOLID ROCKET MOTOR BOOSTER MODULE
This module contains the analytical and empirical weight estimation relation-
ships necessary to completely define the solid rocket motor (SRM) booster system.
The NASA weight report and design data, coupled with a three-view drawing of the
SRM, supplies all inputs necessary to analyze the configuration. Here again, it is
important to note that the velocity correlation coefficients described in Option 1
must be calculated or known before this option can be executed. The primary pur-
pose of this option is to provide the capability of optimizing the SRM by inputting
a diameter and iterating on propellant load and engine characteristics. The itera-
tion calculates SRM burnout weight and dry weight, which, in turn, modifies retro
and parachute system weights, which, in turn, is rippled through the other weights.
This entire module continues the iteration until a completely balanced system
exists. This option also has the capability of inputting constants, which allows
the user to input weight changes without modifying the program. The SRM option
contains four distinct modes of operation which are as follows:
i. iterative analysis
2. iterative analysis (fixed dry weight)
3. simplified equation
4. fixed booster.
Figure 5-1 is the flow diagram of the SRM Module, followed by a detail listing of
the program.
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SRM
INPUT
DATA
FIXED
BOOSTER
SIMPLIFIED
EQUATION
SRM
DATA
_ NITIALIZATION
1
SRM GEOMETRY
CALCULATIONS
I.LENGTH
2.VOLUME
3.ETC.
BASIC SRM
WEIGHTEQUATIONS
1. CASEWEIGHT
2. NOZZLE WEIGHT
3. ETC
SRM MODEL
INPUT THE FOLLOWING
],SRM BURNOUTWEIGHT
2, SRMDRY WEIGHT
3, SRMPROP WEIGHT
CALCULATE SRM l
WEIGHTBASED
ON PARAMETRIC
EQUATIONS
GROWTH
UNCERTAINTY
AS FIX DRY LESS
SRM SUB DRY
FIGURE 5-1 FLOWDIAGRAM
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SRMRECOVERY
WEIGHTEQUATIONS
1. PARACHUTE WEIGHT
2.PARACHUTE INSTL
3. RETRO ROCKET
4. ETC
SRMINTERSTAGE
WEIGHTEQUATIONS
1. FORWARDSKIRT
2. TUNNEL WEIGHT
3. AVIONICSWEIGHT
4. ETC
SRMRECOVERY 1
WEIGHT
ITERATION
NO
UNCERTAINTY AS
" % * SRM SUB DRY
I CALCULATE SRM
•..i MISSIONHISTORY
i--i
WEIGHTS
1, BURNOUTWEIGHT
_ 2, DRY WEIGHT
3, ETCo
z
FIGURE 5-1
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C'mY nsu_ T_ L_(_NC)
. . . 1 " 1,333_'EIXED
P - _,n_O C
? " _.n33 C
- _on_O C
5 " 5,330
" _._OO C
- 7 " 7,330_C__
" R.030 C
" _,_00 C
1_ " 13,390 C
11 " 11,33_ C
S_ SJ_R_JTINE
SU_gJTINr S_MgD_L
Tu_ _|MA_V =tJ_q E _r THIS mR93_A_ IS T_ m_Vf)E THE
:h_A3ILITY 0 r _TIMI;'I_HE_SR__B-Y_P_STIN:,__
}I_HETE_ AVD ITE_ATIN3 9N _PELLA_IT L_A_ AN) EN31NE
S_*:TERISTICS.TdE ITERATION CALCJLATES SRM BJRNSJT
_EI_T _N_ D_Y aElGmT,WHlCW, IN TURbM3DIFIES _ETR9
AN3 mAR_C_JTE SYSTEM aEI3HTS_ICH, IN TJRb IS RI=PLIED
___1]'13,933
15 " 15,903
1_ - le.ng3
?? - _0,n33
21 _1._OO
R_ - _,_33
C T_')JC;_ T_E _TWER _EI3qTS.TNIS OPTION _LSQ H_S
C_._ C^_AgILITY _r IN"JTT|N3_C{L.NSULN_S_II-LLCH_ILLOW_
C J%_ T9 I_I=UT wEISWT CWANGES ,ITWBJT MgDIFYING
C PP93_M.
I_LIZIT ;EAL(_-Z)
)IMENSI_N cl)(W)
C
.E..... _ERrg_'I_JCE C?M_9_ BL3CK ...........
C
T-_E
T_E
T..IE
C_Mm_I_kl_I _qg_PR3P_m_T,BCANT_OCANT_CANTY
I_:ANTP,N',ENg_gENG_,THBSL*T_gSL_THSV,T_V_FLe_R
3,1S_S, IS_V, TS_9_S, IS_gBV,_CD_BTN
27
P_
31
• .. 15
3?
3R
3_
" _5_30 .... h_,3VSgRR, INS,ST_SV_3YCfl.N,)V;_ST
" _.g33 5,_EL,T_TC,T_nS.T,THgTC_IS_9,1S_B,_R_PgT
" _7.033 6_D_9"_I,PRgP3_(2)_VgNC_DVB_VT_TCmWgSCD*_INaT_LANWT
" _"._33 7_INJ, T,_LgWT,_3L_W_S_gW_T_T_L_S_P_M_TCH,TLS_R_c=RP
" _.93n _q_gL_,nLL_Lg,gLg,!Lg_3_SIS=,_HSDVT_OMSDVP,_M_
" 33.g33 9_L_N3P_Tb_gmTnW_SENS_SR_MIN3LW
"____]1,333__ ....
" q_.930 C Se4 9JT=UT Cg_mgN _LgS<
- _,_30 C ...
- _,_30 C_M_9';ISO'4_I3_gaT_BDqY*T,_SL_mLA:4_ePNgI
" 35.333 I_SS_=,WC_SE,WJSINbHNgzzm_TTEbWINST_WIG_*_SR_: ..........
" _.n3_ _SR'4ISS,_,rS_n_,ASLSmmAAS_PAN_m_TN_PWAV_WNCT=S_S_IC
- 37_.330____ 3_!'.'REC_V,P_PAR_R_mbPLR-_J_LR?_P-_*SR_R C
" _*_03 _LIN_E_T_EX=INq_SLUN_SR_L_SRMD
- 3_.930 5_3_gSSsP:_OAT,_m_PB,PDRY_T_PBBSLJ
" W3,303 A;rIX_':_mSI_PB n
" _.003 C SuM (S_M) IN=UT _ATA _L_:K
- _.003 NA'4ELI_T R_B=,_|A_MIAX_MAAX,ME_P_FS_FTU_AT,RHOM
_7 - ¢7.n33
51 51,333
53 - 53.333
%_ - _L.33CL.E--- ....
57 - 57,330 C
53 - 5_.330
I,INT,\P,_Ij,.Nnl_NER,k.,Cr,=C,_DHA_TC_TDES,VRI
Pmvq_A^gE,LF_nJNCI_FIXDWT,RqIS_WEI_BSqHC_SRMI_SRMRE
3_rlVanO,_9_T,B)RYwT_SIM_EB
IF(_.ZC_.2,3}..GLT_ ?
I\IPJt(1)
IF(rlxBg_°3T.O.3} GB TB 60
IF(SI_P_.ST.O°D) GB T_ 70
APEC3VmlOODD.
S_MISS.IOODO.
_iSI_ S_M ,EIS_T
3E_ETQY E_UATI3NS
=vgI,P_gPa/(t.OOS,NOE_SB)
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A'I °
_,1 "
_ 6P "
...... 05 "
67 -
6t "
73 "
71 "
72 "
7q "
7_ "
76 "
77 -
7P "
53 "
R1
_ -
_ -
a_ -
_7 "
_ q_ "
a I -
Qq -
'}7 °
_3.33D
_5.333
73.330
7_,_33
7_,330
7hL33_
75._30
7_.300 C
77°_00 C
_3.330 .....
_.393
_°330 13
5_° _33_r._ ....
_7.D_O P3
_.33D C
_.330
11,_0
_._3 .....
?_.330 C
_5._30
_l°DOO VP_-(_gI/_H_P)-(.2q2fiT_*DIA_DI_eDIAe(MIAX/M&AX) )
_?_230 .... TCY.=(_E_P*DIA*;_t(2tgaFTU))+_T
l+(3.1_159/4.3)*_IA,DI_*(VPC/(ACS-1.3*AT))
_L_==^ql/(_H3P*VCASE)
_ASZ _EI3HT
3_SZ2-_Egp...7.;S..,7/FTJ.*._
FASE J31_T _ZI3_T
NnZZLE _'EI3HT
_Tx_3 NqZ_LE
N'_ZT?=Cr,_.2*_C_4e(TA_(NDHA/57°29_78))em,_
IF(_DZ.GT.C-C) G9 T_-_
_17,,30_SCS.(_?7Z1/_SZZP)**,916
3_ T9 23
3I_k_LT_ NgZTLZ
THRjST T_R_I_TIg_ _EIS_T..
aI_S-,O_O2,(IN3CI,(INSC2/INSC3}),*,_6
JgI_T
)m=t(AP/_T),(_°O_THBS_S/(3.1WtSg*Cr_C) ))_*.5
_aI,,SD_h-()TA/D=)*31AqBT
_lT,.D3317_,(_l_-3m)*((2,*DI_÷Dm)_BT+_O°*DI_)
q'1 °
193. -
1_1 -
I_P_-
ir_ -
197 -
1._'3 -
11,, -
111
11m -
11'5 "
;_ -
t17 "
11_ "
13_,33D
.13?,733 35
ID_,333 C
12_,_?_0 .....
13_,D_0
13_.D33
137,3D0
13_._33
13q,_33
?_,333 ....... IF{aZ/.3T.D,D).._L3_TB 3_
39 T9 _5
aT_;jm(WUl+aII)mNJ
IG'JITE_ W_IGaT
BAS_=wCASE+_JgI_T+WNgZZ+_TTER+WINST+WI_N+BSR_C _
J_!CE_T,:m_LJ*_JNCI
I_(_IXg_T,3T.O.O) _J_CE_T=FIX_WToPB_SEU
1]P.333 33
11_.333 C
117.330
11_,n33
11g.930 C
IB_.O00
BLg_T,=_T+_gPB-EX=INS
TP_9_T=_AqWT
_EC_VEQY _YSTrM wEIGHT
P&q_C_JTE INST WEIGHT
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p.1
7t
__4 o
25 "
77 -
1_ -
t} -
;r') -
Q.;) .
Q.l -
41+ -
14q "
...... i_E- _-
1_1 -
1F, 1 "
1%C, -
I r',_l "
lq_ "
l_r, .
15_, -
1_'_ -
1 _) "
]'_3 -
I(_I "
1_: -
1_-3 -
16"/ -
161 -
_7_ "
17_ "
17":1 "
17_ o
17_ -
17_ -
177 -
l_.g_O C _ET_ _qC<ET v'EIGHT
75._33 C _ELL_NT _EI3WT
_=._3 C NITER oEC_VE_Y _0_ wEI3HT
_1._30 C
_.930 C
_._3 IqLqP'.GS*TN_qL_C_5(A_QE/bT"_92578)*(L _+(D_A/2"))
_3.g33 NASL_'.Og_6_*tASLgI+(_LS2/DIA))
_.333 C &TT&_4 qE_/STeOcTJeE _EI3HT
_._30 _Aq._sP.O*TH_qLS/_BO_T
_5.733 C _E _IWING
46o_30 N_or,,36_7.3I_*3I&
47._30 _N r'#xrc
4_._00 C TU_INE_ 4EIGHT
131.n30 C _VIgNIC_ ,,EI3_T
13_.033 #_V,I=_.9
1_7._00 W_E_V'_°A_+NP_ +_O=+_qm+_W_+sRMqC __
lG_,OOO - - IF(EIx_HT.ST.p,O) UNCE_TmFIX3_T-P_SLU
I_I,000 _L_N=_L_T
15_.333 3_ r_ _3
173._33 _Fm4T._T=N_EWG_
171.930 e'+SLJ_-_q_NT-(g_CEeTeW_E_G_)
17_,030 m_!Df'°wql*_J_E_G_
175.000 LAM_'_R_PalB3L_N
17_.300 S_L'LT_
177._00 S_H3=3I A
17_ - 17_,ODO 39 T_ _0
17t - 17_.000 C
Im_ - 143.D03 C cfx_3 8_gSTER C_LCULATIBNS
IMI " I_Io000 C
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1R_ - 1=_,730
I_7 - I_7,33D
I po " I_,933 C
IR_ " 1_,330 C
19G - 13_.g30
[97 - I_7,363
P01 " _31,330
_3
=V_91 •P_P_/1,005
LAM_=p_p:_/B3L_a
T_RLS-Tq_SLT/_9_W3R
_T,C_ErSE+tT_3LSe_D1R878_3)
J_CE_T=nn_Te_U_CI
9n_T=p_m,,_T+J_CERT
mw_Im=Wql,_B[4_5
L_M_mbqgP_/_3L_
_9_TTNUE
_ETJ_
E_D
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6. TRAJECTORY MODULE
The trajectory module contains the curve fits of an optimized trajectory,
established by MDAC during the Phase B Shuttle program. These curve fit equations
determine the total required velocity by defining the velocity losses. This is
accomplished in several distinct steps:
a. The ideal required velocity is determined as a function of first stage
velocity, first and second stage thrust to weight ratios and the ascent
drag parameter.
b. The velocity losses attributable to the launch site altitude and the
required mission inclination.
c. A delta velocity correction factor which allows the curve fit equations
to translate through the defined losses of an analyzed point design.
The equations are empirical relationships derived from parametric ascent
trajectory shaping studies, and are intended to be used for ideal staging veloci-
ties in the range of 8,000 to 12,000 ft/sec.
Ascent losses have been shown to be a strong function of thrust/weight at lift-
off (T/W1) , and thrust/weight immediately after staging, (T/W2). Other significant
correlation factors in the velocity loss equation are staging velocity (Vs), first
stage drag parameter (W/SCD), and launch site altitude (H). All of the above param-
eters are self-explanatory with the exception of SCD. The SCD value used is between
Mach numbers 1.2 and 1.5.
The velocity losses were curve fit for ease of interpolation when used for
sizing studies. The coefficients of the multivariate, polynominal fit were eval-
uated by a least-squares technique. Each coefficient of the initial polynominal
was tested for significance, and the least significant term was eliminated. This
procedure was repeated until a minimum term polynominal was determined which had
accuracy essentially equal to the original. The accuracy of the curve fit was
then improved by conditioning the independent variables with natural logarithmic
functions. However, if new data is curve fit, other functions may be more appro-
priate.
The curve fits are predicated on limiting values of the thrust to weight
ratios and the accent drag coefficient. These limits are:
a. First stage thrust to weight is less than 1.60 or greater than 1.18.
b. Second stage thrust to weight is less than 2.0 or greater than 0.70.
c. First stage drag parameter is less than 12,000 or greater than 1,000.
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If these limits are exceeded, the program selects the applicable limiting par-
ameter and outputs a warning that the results are outside the bounds of the curve
fit equation and the validity is questionable.
Figure 6-1 is a flow diagram of the Trajectory Module, followed by a detail
listing of the program.
DELTAV
DATAINITIALIZATION
1
SETDATA\
OUNDARYCONDITIONy
CALCULATE
DV LOSSESDUE
TO
I. ALTITUDE
2. INCLINATION
CALCULATE
1. REFERENCE
ASCENT LOSSES
2. ASCENTVELOCITY
LOSSESTO STAGE
SUMMATION
OF VELOCITY
LOSSES
( RETURN )
FIGURE 6-1 FLOWDIAGRAM
6-2
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORT MDC E0746
VOLUMEII
28 FEBRUARY 1973
CqmY r_v_J_ Tq LP(_sNC)
_ I - 1,700 _EIXED .......
- _,_33 C )ELTAV SUSRSUTINE
% " _,_0_ SH=R9,JTIN_ DELTAV
- _._30 C T_Iq D_G_AM rqNTAINS THE CURVE FITS _r AN 8=TI_IZED
7 - 7.n33 C T_AJE_TgQY,ESTA_LISHE_ By..._M?AC __U_ING_T_E =H,'_=___ _JUTTE£
m,q30 C--Pvq3_A_.T_ES_ CJRV[ FIT EQJATI_NS 3ETER_INE TH_ T3TAL
- _*730 E RF'_JI_T_ VELgFITY 9Y ]EFI_IN3 TWE VELOCITY L_SSES*
1_ - 1_.D_3 C f_l_ IS _C_MmLIS_E_ IN SEVERAL DISTINCT STE_S!
II 11.93D C I.T-_E I:)E_L vZD,IIRE) VELOCITY IS DETERHIME) _S A
_o - ]_.q_D C rjNCTID_ _c firST STAGE VELOCITY, FIRST A_D SECgND
lq - 1_*_93_ ...... STAGE T_R:lqT T9 a_IG_T R_TJOS _NO TH____S_ExlT ]RAG
I _ - I_.D3D _ _.TsE VELO3fTY =_SS_q ATTRI_UTARLE T5 THE LAJN:_ SITE
iG " 1_*ggO C ^LTITIj)E AN) TmE REOJI_E3 _ISSIBN I_CLINATIg_*
17 o 17,_33 C _,A _ELT* VTLgCITY 3_ECTIgN fACTOR ANICH ALL_S THE
I _ - 1_._03 C :JRVr tiT EQJATIg_S IB T_NSLATE TWRBU_H TWE DEFINED
_____L2_Z__ 17,?03C ..... Lr_qES 0 c A_ ANALYZE)__INT _ESIGN,
Pq - _3._33 C TH E E%,JATI_NS ARE E_#I_ICAL _ELATISNSHImS 3E_IVE) FRSM
21 _I*_30 C P_=i_FT_I_ ASCenT T_AJECTG_Y SHAMING STJ_IES_AN3 ARE
2 ? - _>.333 C I_,TENbE3 T9 _F JSE3 rg_ IDEAL STA3ING VELOCITIES IN THE
P_ - P_.n33 C _*_qZ 9_ _,03m. T5 12,300. FT/SEC.
P_ - )_._30 l"nLIZIT OEAL(_'Z)
?'_ " PS.n30 C
p7 - _7,e33 C
!_ - q_._33 ....
37 * 1_*_30
_ * _3.q33 C
_ _._33 C
_ - 4_.333 C
=7 - _7.333 C
53 " 55.330 C
51 51.n03 C
57 - 5_._30 C
h7 - 51.333
5_ - 5_.030
5_ - 3_._30 C
C,,_Iq\_/MAI_/ P_]D_P_3Off_F_T,BCANT_@CANT#QCANTY
I,_CA_Tm,_I_Erq_n,N_EN3Q_TH_SL,THgSLsTHSV_T_VsFL_w_
3, Ig_qF, [qm_v,TSmg_S,I_mf_V,_D_T_
_,q_3VS_R, INS,_TA3V,3VC_N, 3V_NST
5,_EL,TH_TC,T4nqLT,THgTC, ISmg, IS_B,mRSPgT
6_Pqqm_I,m_gPgp,_W(2)_]VSNC_VB_DVT_TC,ASSC3_qI_T,_LANWT
7,qI_J*T,gLg. T,_GLgW,3LgW,T_TAL,S,P_MATC_sTLSSR,r}RP
_,_W_L_qLL=LS,SLS_LD_'_SIS=,gMS_VT,BMS)Vm_SM_
g,Lg_q_,T_^5,TSWS,SENS,S_5_MI_W
)rLTAV 9UTmUT C3M_gN _LSCK
CgM_9_/3Vr_/DVT,)VgN,3V_,DV_R,DVBRP, X2_X3
t_V_,TqTLSS,_VgYR,]VALT
T_ESJ_VE rite A_E PRZ)ICAT[3 @N LIHITIN3 VALUES 9F THE
T_JSf T_ _EI_T _ATIg_ AND ASCENT D_A3 CSEFrlCIE_T*
THE_E LIMITS A_E A5 C3LL@WS:
1._[Rqf £TASE THRJST T@ wEIBWT IS LESS THAN 1.60 @R
3_E_TER THAN I.IB*
_,SEC5%) STa3E THRJST T5 WEIGHT IS LESS THAN _.0 5q
3_EATER T_AN 3.73.
q.cIRST STAGE 3_A3 oARAMETE_ IS LESS THAN IbOO0* @_
S_EATER THAN I_033.
Ir(_,_fl).LE.t.18) FW{t)-1.1a
I_(C4(1).GE.t.&O} ¢w(I)-I.60
I_(r_(_).LE.*TO)_c_I2L_*7_Z.Q_
If(D_(2).E.2.O} :_(2)-2.0
IFt_SC3.LE.In30.) w55CD.tOO3.
_LTITJ_E VELOCITY L9S$ CALCULATI@NS
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6") "
61
6q_ "
6_ "
66_"
_. -
A") -
73 "
71 "
77 "
7_ -
7 =, -
7 _, -
77 "
7ff -
7"1 -
Rq -
84 -
R'q -
63.q00
_l.v_O _q+q)*{-l.3)
_2.330 ....... IF[q,_q+O,3) .DVALTaD.3
5_.300 C 'ltS_I?_ I'._ILI_ATI_ VELOCITY L_$S CALCJLAT|O_S
_5._D TF(I_C.3T.90,_} _9 T3 5
_6oO3D xI-P_27_._+F,160*I_C*3,1_66_*i_C*I_C
)V_,.T,(,_p7÷&,723_-2*H-3,6191E-_*H*H+2,2222E-ID*H_
x_,-W_,_q_-O._q61.1NC+3.00977*I_C*INC
IF(I_C.E_,90,C) X2=0.3
v_=_Lgq(3VS)
R_rT_:_S_ _gC_T CELerITY L_SSE_ U m IB STAGING
Xq=_O_2_.3-_2_._*X3_-_63%.D*X3C-3_7._mX3AIX3A
g+_t%RoT+Xl:*X_C+_oS*X_A*X3AeW3A'1622R3,0*X3_*W3_X3_
_-¢5_.7.X_CeXpC_X_C-735._*X3k. X3A*X3B+188_O
g,x_x_*x_A_t_Oqqe_7-_930o7156*X3_÷IkBo&3_9_X33_X3D
Tq STaGInG
_a-OO,D 6
7)*D3D
71,3_0
7_.30D
7_,_OO
7;._00 C
7_,_OO
77.q_O
7a.nOD
7q.q_D
RI*_O T4TI._=BXq+3VC_
5P,_3D 3VTm3V_,[I.+3VEgN)
_W.O3D 3VC_q=_VT-3V_
_,_OO C _qCE_T VELqCITY L_Eq U_
____q,5.________3 5 . DaD ___Z
R7 - _7,DqO
9_ " 73,300
_] )I,030
_ - _Q3D .....
gq - _,DDO
g_ " _5*OOO
g6_= _ ?S.DO0
Xw,DVC_ST-1152757,3*X_3_.5_lB52B,7*X3B÷13£7J-5-,3
_,x3_*X33-W_W3.76*X3A*X3A_X3A_37ES,35*X3AeX3A_X3B
_+16.9_*X_A,X3A*X3)÷317DO*56*X3B*X3B*X3_+E6,E3*_3)
_*X3)*x3_+W7,_-Sf16,27,X3C+521,99*X3C*X3C
_-5779.W÷l_6,1_*X33-95.87N*X3D*X3D
._3V_=_/1Q3QL
)V_-3Vg_
3V_=DVB-X_ ...............
RETJ_
E_D .........
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7. FIXED HARDWARE MODULE
This optional performance module determines the payload capability for a
given configuration and physical characteristics through the use of the rocket
equation (AV = glSP in (MASS FRACTION)). In this option, the configuration
weights and propellant loadings, as well as the ascent engine characteristics,
are input into ESPER. To complete the analysis, the configuration velocity losses
(AVcoNFIG = AVoR B + AVsRM + AVLosSES) are determined from an empirical relationship
derived from parametric-ascent trajectory shaping studies. These velocity losses
were curve fit for ease of interpolation when running ESPER. When the configura-
tion velocity correlation constaints needed for the interpolation routine (DVCORR
and DVCNST) are known, the velocity losses are calculated by ESPER. This option
gives the user an invaluable tool by which the user can measure the impact on
payload due to changes to a FIXED HARDWARE DESIGN. (For example, what is the
change to the deliverable payload due to a l-sec increase in orbiter ascent ISP.)
Generally, however, these velocity correlation constants (DVCORR and DVCNST) are
not known, but the staging velocity and the total losses are usually readily
available. A matching routine, based on a simplified newtonian iteration techni-
que, is provided in the FIXED HARDWARE OPTION that will internally modify the
existing velocity loss curve fits. This routine solves for the correct DVCORR and
DVCNST that will satisfy the total losses and staging velocity constraints. Since
DVCORR and DVCNST are required input parameters, this solution serves a dual pur-
pose for the user, it not only allows ESPER to compute the velocity losses, but
it also opens the door to the other options offerred by ESPER.
Figure 7-1 is a flow diagram of the Fixed Hardware option followed by a detail
listing of the program.
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ASPER
DATA _INITIALIZATION /
1
CALCULATE
PERFORMANCE
DATA
I.TH RUST
2.ISP
3.ETC.
CALCULATE
TOTAL WEIGHTS
AND RELATED DATA
1. SRM& ORBITER GLOW
2. SRM& ORBITER T/W'S
3. ETC.
I NEWTONIAN
ITERATION
TECHNIQUE
ES
i
FIGURE 7-1 FLOWDIAGRAM
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NO
|
NEWTONIAL
ITERATION
TECHNIQUE
ONTOTLSS
NO
CALCULATE
DVCNSTFOR
REQ RELATIVE
STAGEVELOCITY
CONTINUE
RETURN
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C_PY P_J_ T_ Lo(<pNC)
__ 1 - 1,733 _F_IAEO ........
- _,733 C
" ;o_3D
7 - 7°3_3C
" =.909 C
1_ - 17,_30 C
11 - 11,_33
1 9 " l_._33 C
17 "
12 "
rIXED 4ARDWARE BJBRgUTI_E
;}I_JTIN_ ASPER
T_Tq =qgS_AM DETEqHI4ZS THE °AYLBA3 CAmAgILITY _SR A
3 ! YEN C?_E I _JR A T I "_ lA _ _ _ _ I C_ L C_ARAC_T.E_I SZIC$
T_R_J';_ T_E JqE 9: TwZ RgE<ET E_UATIBN.IN THiS 9=TION
T_E :_I3JRAT|_ WEI3NTS &ND PR_mELL&NT LgA3IN3S_S
_ELL _ T_E A_CE_T EN31NE CH_RACTERISTICS_ARE I_mUT
I_T9 Eq=E_.T9 Cg_LETE THE AMALYSIS_THE CONFIGJRATIBN
VELg_ITY LgSS_S k_E DZTERMINED rRg_ AN EHPlRICAL
l_.n39 C STJ_IES.
|_.gg_ C mE_E_MaNCE C_HS_ 9L)CK
w3 - wD,333 C
wl " w1,nOD C
_7 - W7,033
5 _ " _,_3
51 " _1,333
5_ l 5_'_30
5w - 5w,_33
5_ " 3_.933
57 " 57,300
5_ " 5#,333
5,P3_5;_o_WT,mP_SPB,PD_Y_T_PB_SLJ
_ITE_ _,JTPJT C4HM_N BLgC<
I,AS_M_],I#T_H_,_SENS_=_gmSY,_T_MTK_M_D_LE
1,CU_E:_°D.I_,ELEC_YD_VIONg_ECLSg,PPR_V_OONCWT
I_E_S_'q,_ES3,_RE_V,mL_DU_mLBkDD=_CSP_SP_OO_S_OLE
2sPIXg;_,cIX_4;_gD_Y_T,gRIFL
I,..I.!T,+.;S,,i_ST_,aT3RBE,_'TSnBC,LE_NTE, wAIL,W_A_A)R_wAH
2,,,_am_3P_V_PWTN3<,TAI_TSG_TBST_TTOR_B,TLE_RJ3_S
P, nlT, 51_,';19,_22,323_32_GP5,5_6,q27,_32, G33,G?_
3_935_33_
I_T_TTm3_T_3_T_W3_T_W3_EWT_TWT_TLEWT_SL_T_S
P_P_E_T_I_T_Tm_T_CNmTTWT,_TmSWTmMCSWTmLOTWT
3_P_gAT_PP:,_Y:eSCwT
I,T_P_qP, E_3PAC_E_TVS_C_NT_P_PUTL_PR_SYS
2,riD,m_ES,C_IL_mREVAL,FEEDS_DISC_MISC
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6L. -
_7 -
_.n30 l,L_33_,_G1e_gh_G3_3_ARoH31PH32_H33_M3EA_aA_1,AX2
5_t900 _C..........................
_10_0 C EYTE_\_&L TkN< _JT=JT _H_SN _LSCK
5_.?03 I_Cg_SZT,T_SIN,CYLSCT_CY_M_ArT$LF_INTePR_Y_AFT_K
_7._ _,FE_SYS_LA_m_VNT_FTC_L_S_M_AFTBLA_PNpj_TWIN T
7_ - 7_.n30
71 o 71._D_ C
7_ ° 7_.303 C
7q - 7t.730 C
7_ - 7_._9
7_ - 75.000
7_ = 7_.330 C
77 " 77,300
7_ " 7_._30
7 _ - 7_._9 o
_I ° _1._30 1
_ - o_.00 o
_,n.I,3_Y_T,_ESI3T,JND_,_EEDTR,_RSJRT_FBIAS_INE_T
fi,G_S_,TLkM_T_P_EXTL_EXT3#BLKH3_EXTH_eEXTH_SI_PTK
_rLT_V 9_T_UT C_H_N 3LBCK
3n_Hg_'/gV_/DVT, DVg_,)V_,3VBR,DVBRP, X_tX _
T,_.9
_-3.0
N,_.0
W?=_5_-SOOD.
=L_A_J'1033,
_T(2)=0.9
OAY(p).m.3
T'_LC-TW_SLICgs(BCA_T/57._9_B)
T_nTC.T49V*k_E_39
_3 - _5.333
q7 - _7.930
"I"I
I0_
101
I0-s
10"-
137
11.'2
111
11_
11-3
_I _,
117
11 _
11-')
I73
" ID.?0O
" 137,930
. 135.900
- 137.n00
" I_.300
- 11_-000
" 111.000
" 117._90
" 11_.933
" 11_.000
- 115._00
- _ 1 _. 00__0
- 117.030
T 11_.303
- 11?.DO0
= 1_3,000
13
I;o_I(_Qno_.IC_BV+=RS=91.1SmSBV}IP_OpB?
.................................
_°_g°'gL_'T'(1.'(1./gTE_P)) .............
9Lg_T-_LLPL0+_:9_qgm+m_&DU
I_'E_T'_Y_T+_FSI_T .............
9nL_W.gLg,T+_9_ST+INERT
_Lg_-P_gP_+B99WT
3L_-=3Lm_,.+O3LS,
W_SC_-SL_/S3_ _ ............
T_IT_BTC/GLPW
r_'(|).TgWa
rw(?).TgW9
)Vq=3P.17W*ISm_.AL_313LBW/IG_BW-P_PBT))
I(_GL_*-=Rg=_T})
3VTgTC'3VB+OV_NC
C_LL __LT_V
R_TI99"DVTIDVT_TC ................
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121 - 171,o30
12_ - I_.3QQ___
123 " 135o300
127 " 137,330
12 _ ° 1_?._30
131 " I_1.333
i_ - 13_. _._ ....
I_ - 13_.330
lq? - 137.03D
I_ - l_q._O
I_ " 143.333
l_ -
IF(_cf3vT=DVT_TEI,LT,,1) 3_ TB 103
I(I*-_T{1))/(nAT{J)'_T(E))
DAY(_)-oAY(|)
_AY(1)=OLgA_J
13_ lr(N,EQ.LL_} 39 _TI PO_
C
C DELTAV C_ELATI_ C_ZRFICIENT _ATCHIN_
C
]r(_ITC_.E3.3oO] 3_ T_ EO0
I¢(T.3r.o.3) _ T_ 133
3VM(2)=_.3
_ATI_zTLSq_/TqTL_S
|r(T_TLSS,3T.TLSS_) RATI_M=T_TLSS/TLSSR
|F(TgTLqq.gT*TLS_) M=i,O
RBUTINE
141.D30 ...... 3? T_ I_3 .....
1_.333 133 q=TI_'_=TL_S_/TgTLSS
1,,3._30 Ir(_._q.l.3) _ATI_M=T_TLSS/T6SSR
1_5.330 ]F{AgS(T#TLSS-TLS_R)*6T_,I} 3_ T8 150
I_ - 1_?.033 qAT_(P),_ATM(1)
151 " 151"_0 T=T+_*3
157 - 137.333 3'J rq 1
__L53__'____l_3.333 ....15D DVg_zSTA3V
1_ 15_._30 3[rr_v=_v:_R-_VB_ =
1_ - 1_._33 Ir(_lrr_v._E,_,O) GO T_ 170
t57 " 1_7.030 3_ T9 lnO
lhR - 15_.033 173 DVC_ST=3VC_ST$DI¢;_V
19 _ " 1_.333 193 _,1,0
1_1 " t_l.O00 233 _q_TI_UE
16P " 15_*330 RETJ_
16_ = 1_3.030 E_3
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8. SENSITIVITIES MODULE
The Fixed Hardware Sensitivities Module was developed for the specific pur-
pose of automating the task of assessing vehicle sensitivities. Theoretically,
any sensitivity evaluation can be made by simply making two back-to-back runs
through ESPER with the individual sensitivity element adjusted by the desired
increment for the second case, and simply subtracting the resulting payloads and/or
gross liftoff weights, and dividing by this increment.
Since this option is a part of ESPER, it utilizes the same ascent performance
logic and ascent velocity equations. Thus, any output case from ESPER can take
advantage of this option. The basic equations within this part of ESPER, however,
are modified to contain discrete sensitivity increments (i.e., delta booster inert
weight, delta Orbiter inert weight, delta booster ISP, etc.).
The first input case is treated as a fixed hardware configuration and
initializes and varies the basic configuration performance capability. The various
sensitivity increments are applied one by one, and each sensitivity is calculated
separately against the initial case. To save the user the time and money involved
in inputting, these sensitivity increments have been fixed in the program. Since
this option can be run with any ESPER option, the user need only set SENS equal
to 1.0.
Figure 8-1 is a flow diagram of the Sensitivities Module followed by a detail
listing of the program.
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FHSEN _
DATA
INITIALIZATION
1
INCREMENT
FIRST
SENSITIVITY
PARAMETER
__ CALCULATE WEIGHTS
AND RELATED DATA
1, SRM& ORBITER GLOW
2. SRM& ORBITER DV'S
3. SRM& ORBITER T 'W'S
I NEWTDNIAN
ITERATION
TECHNIQUE
ON PAYLOAD
NO
CALCULATE
SENSITIVITIES
OELTAPAYLOAD 1
DELTA INCREMENT/
INCREMENT
NEXT
SENSITIVITY
PARAMETER
NO
RETURN
FIGURE8-1 FLOWDIAGRAM
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C)pY
___J._.._'__.___,to3_3 tFI_ED .........
" P._gO C
3 - 3°333 C SENSITIVITY SJBRgUTINE
5 ° 5._33 $ttn_gJTI'l_ F_E_
7 ",, ..b2DO_C ..... AUT_HArI_3 TWE TAS<_3___ASSE.S.SJ3__Y_E/_IELE-S_UIgS.
" R._30 C T_E_ETICALLY_ANY SENSITIVITY EVALJATIgN CAN BE _AOE
3 " _.733 C _Y 5I'_PLv _A<IN3 TWO _AC<-Tg=SACK RUNS THRSU_H ESPER WITH
1_ - 13.9_3 C T_E I';_TVI3U_L SENSITIVITY ELEHENT M3JJSTE_ _Y T_E DESIRED
1! " 11.ggO C I'_)Z_E'JT r_ T_E SECg_D EaSE,_ND SIMPLY SJETRACTINQ THE
......I!?__ iI._3 C
I_ " _.939 C
15 " 15.333
1_ - 1_,093
17 " 17.333 C
1_ " I_._33 C
17 " _I_1200 _ .....
_9 - _3.990
Pl " _I,g39
._:';I.Tl'lq O^YL'_)_ AN)Ig_ LlrT_rr #EI_TS,AN_ 31VI314G BY
I_°LICIT _EAL (A-Z)
=E=_9_ANCE 3_MM_ 8LgCK
1,gC_NT_*NqEN3[_;N_ENG_,THBBL,THgSL,TH_V;T_V_FLB_
2_TF,rT_RIXH_
3, I;=_,IS=_V, Iq:9_S,ISmg_V,SCD,BTW
_,_,3VS_q, IN:;qTA$V;3V:_N,_V:NST
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kl
r,'_
63 - _3.003
61 - 5lo303
__ 67 - _¢±000 C
o _,333 C
- 5_o000 C
- _6o333
- q7._30
7_ - 73,330
7t 71,330 C
7_ - 7_._30 C
75 - 75._00
7_ - 7_.333 C
77 - 77._00
7_ - 7_.303
7_ " 7_._00
a_ - T_300
_1 _1.300
_ " _._0 ......
9_ - _5,330
_,GU,_Y_T,_ES_T_JND_N_rEEDTR,mRSURT_FB|AS_NEqT
5_S$,_TL_M]_gT_A_EXTDEXT3, BLKHD_EXTHO_EXTH_SlHPTK
3ELT&V _UTmUT C_HH_N 3L_CK
I_nv:=;,TqTLS$_OV_R_3V_LT
=_YL==L_A3J
=AYLX,P_Y L
3vc_×=3VC_R_
_yTX,3VT
3VH_=gHqDV=
C4_L:=gLLmL_÷W_m_P
gEL_TF=O*
9EL_I_=3.
_n_31"3o
_1_'330
11_'300
1P3"330 _+OLTglSI)ITH_T)/Tr __
q_ " _'993 .... 3=LVT'3. ....
_ " _._3 3_LJ3_'_°
1_9 " 193.g03 PFL.JJT=3*
1_I - 131.333 _ELJ3_=3,
I? _ " 19P.793 _LT_I_=3 .....
1_ " 133._33 3LT_I_=_*
1,_ - 13_.303 XYZ=O, ............
135 " 135o_90 l =AYL=139_°
107 " 137.3_0 =AY(_)o3.3
ln_ - 13_._90 O&V(_)m=&YL ._
11_ - 111.930 rLmA_mTH4_L*NnE_3_/IS=9S
11_ " 11q.330 _T_=RLg*_*(I_mBq+DLTBI5)
117 o 117._0 T_T;r_5*_;_E_3_*(I.+DELT4B/tOO.)+DLTATB
11_ -
119 "
lE3"
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IPI I_I.D30 WLAMB.LAM_X+3VLLA'I
WTM<I_l(1.-X_Au$),oR_OST*(1.+DmqSIItO3.)/XLAWB
3T<_Y-3LT_K-qESI_T*3:_gI/I03°
JNTA_gmJFL'+Wg*(I_9_V+_LTBIS)
)LT_Tg.J_T4R_-TgV
IF(TLTqlq. EG.F.O) 3LT_TB'O.O
-----T_- .....
11 ]
I_
Im7 - 1t7.3_3
1_l - 1_1.339
1_ - l_.3_3
1w3 - 1w5._33
1_ - l_.933
1_7 - I_7.m33
" I_3._33 ........ JTH_9.TgV*(l.*3ELTHg/t33.)+gLTATB
1_t,933 I¢(WgFWSg. NE,_,3) CTW]VuJT4qg*cgs(_CANTY/57,_gSR)
- 11_.q33 CT_q_'_T49V'rq3(_g&_T_/57.295_) _(IS_eBS/ISP_V)
1_ _ - 1w_.333
153 " 153.333
lhl " 1_I._33
15q " 151.mOO
15_ = 155,_33
156 " t55.330
157 " 157._33
1_# - _°_30
l&_ - £_.330
I_ " 1_,_00
1_ - _5.333
1_7 - _7._33
1A_ - _.333
77_ " 73._33
T_I,ST4_+CTUnBL=NBE_39
=_9o911_mT.T_mgT/(IS=_aV+DELqIS+DLTOl_)
=_q_gp._OT.(I.÷3PRgl/IOO.)-o_BP91+DEL_R9
%3 3LgV2-CqRELP+mAYL+INERT+DLTWK+_RgP_2+DEL C_R
Iq_I.((I_v÷mELBI_+_LTBIS)*(PQSPB*DELmRB+)P_BI*
_=n_=_/139.)+(IS=9_v+3ELgIS+_LTglS)*PRO=gt)/
3V_.3_.17_.ISPt*_L_G(3LBA/(S_O_-PR_PB-=R_PSt-DEL_RB
_-_=_BI*:q')=B/1_O.})
3Vq_C,3_.I7_*(13_BV+)EL_IS+3LTBIS}_L_G(_LBa2/
_(I)'T_'I
_GL_-SLg,-O3Lg_
_V_,3_.17_I_SIS:=AL93((C_RELP÷PAYLX)/(CORELP+=_YL x-
C&LL 3ELTAV(q,_VC_I_C_DVE_N_DVC_ST,rW_W_S:D_)V3)
R*TIg_,3VT/DVT_TC
RAT(_)=R_T{%)
3 _ T_ 1_
171 71¶g33__J_g_
17# - 7_.333
17t " 7_._00
174 " 7W.933
175 " 15.303
_76 - 17_.330
177 " 177.933
17_ " 17_,000
I_3 - 1_3.330
I_I " 1_1.330
C_L_ SENRIV (_AYL_,PAYL,3VTX,DVMX,3V_3,J._A__X_,DEL:_R
1,mELq_T,gE_RI_,)EL_IS,gELT_B,DELTHg,XyZ,gELP_O,3ELmR B
2,;)ELL,M,DEw_30,)=_gI_)=R3I,_ELVT,_EL_R3,DELU3B
3,mELJST,DELU3B,3LgWX,)LTBIS,)LTBIS_DTKDRY_L_M_)
Ir(Xv/.E_.1.1 G) T9 99_
3 o T9 1
99_ 3_tI_E
--_EfJ_
EN3
_UB_JTINE 5EK_SIV (pAYLX, P_YL, DVTX,DVMW,DV_3,L&4]X
1,_ELCB_,DELBWT,)ELBI$,)ELBIS_3ELTH$_DELTH_'XYZ ........
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1_7 - la=.nOO
lRq o 1_o333
I_4 - I_._0 ....
IM7 - 1_7.333
lq_ - tt3._33
I_ " 1_._03
2_EL=_9,gELP_,)E_LAM,_ELB_5,DP_I_DP_I_OELVT
3_EL=_g,DELJ3_,)ELUGT,_ELU3_,SLgWX_DLT_S_OLTS_S
I_=Li_IT _EAU {_-Z)
t,_EANTm,N_E_3_,N_E_TH_SL_TH_SL*THSV_TSV,F%0_
_,_EL_T_aTC,T_nSLT,THSTC_ZSmS_|SaB,mRSP_T
_,_W_.D_MLLPL_qL_L_STS_gMSDVT_MS_Va_M_
9,Lg_3=,Tg_9,T_,SENS_3_g_*MINGLW
C_9_IS4_9/_gaT,BD_T_R3LS_,LaH3,PwS!
P21 " °_1.333
P27 - _7._30
_P_ - _°_O0
P31 - _11.333
_3q "
P_3-
....... 5,qR_SSA,TL,MB,_T_AP_EXTL_EXT3_BLKHD_EXTHB_EXTHW, SIMpT K
_n_/_Vg/OVT,]VgN_VR_3V_R_DVBRP_XE_X3
I_V=_;_T_TLSS,gV_R,3V_LT
3EL_Ym=IYL-:AYLX
Ir(3ELCq_.EQ._.O) G_ T_ 10
S_CS_P=DEL=AV/DELS)R
W_ITEflOq#_13) 3ELCgq_DE_P_Y_SNCBRP
3FLS_--13303.
_l=._O3 d_ITE(IOm,_I3) 3ELC_R_DELP_Y_SNCBRN
_3.300 S_C_'(S_3_+SNCgRN)/2 • ._
_I._30 _ITE(10_503) SNCgRk
P_P.?OO 3EL35_'3.
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_ ° _qonDD #_1TE(_9_o_11) 3ELF_T,DELpAY,SN_WTm
_57 - _6P._OO a:_ITE(I94_I]) 3ELBWT,DE_PAY,SN_WT_
PSw - _W._30 a_ITE(IOR,5_I) S_'T&
mS _ " _*_O0 Ir(3EL_IS.LT.O.O) $9 T9 13
m_n - _9._00 S_gIS_.nEL=AYI_EL_IS
_1 _GI.0OO _|TE(1D_,W]2) 3ELBIS,DELPAY,SNBIS m
_% - _4_.33D _4ITE(IDR,WI2) DELBIS,DE_PkY_S4BIS4
?A_ - _S&,_O0 5_:_I_'(9J_15_+5_IS_)/2 •
_7 - P_7.030 a_IrZ(l_,5OO) S4_lSk
_A_ - _m._OO DELSIS,3,
P_ - _._3 DELhi _m_, .......
_7l - _71.m00 lk IF(3E_IS.E_.?.O) $9 T9 39
_7> - _7_._00 Ir(DEL_IS.LT.O.O) G3 TS 15
_7_ - _7_._30 S_I_IS_'DEL_AYIDELgIS
P7_ - _7_.930 WPlTE(lOa,_13) 3ELBIS,DELPkY_SNBIS °
_7_ - _Z_,_nO ..... _ELglS--3 .......
_7_ - ;7_.D?O
_7 m - _Tq.mO0
P_ - _.n_O
_ml - _)I*DOD
_93 " _5,939
_01 " _D1.000
30? " 337.D00
3n T9 W]
15 S"gI5'I-_CL°AVlOEL?IS
_PlTE(10a,w13) DELglS,DE_PAY_SY_IS_
¢_ITE(10_503) 54_ISA
DE_lq,3, ......
DLT_I£.q.
59 T9 w_
3q IF(_LTaIS.E{J._.O) _0 r_ _1
ST_TS=-DEL_AY/9.T_IS
4_ITE(l_a_35).3LT_IS_DELPAY,STBIS °
)LT_i;--_,
kD ST_T_\,DEL_AYI3LT_IS
_RITE(1qR,_35) DLTBIS,DELP_Y, ST_IS4
_;ITE{I_4_.5ODL_L.................._IS_
_L.T_IS-3,
)LT)IS-_.
S_ T9 w_
_1 Irt_LTglq.E_.O.3) G9 T9 16
Ir(%T91S.LT._.O) 39 T_ 12
5T_IP.DEL_AY/gLT__IS
W_ITE(10a,w36} 3LT_IS,DELP_Y_STBISm
)LT915.-3.
3n T_ _3
k2 STBIS';-_EL_AY/9_TgIS
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17_ - _3t.330 WqITE(IO_,_36t 3LT@ISoDELPAY_ST@ISN
_7 - q_7.333 _LTgIS=O.
qO _ - _3_.333 3" T_ _
_13 - _13._33 I_ Ir(_ELT_@oEDoO,O) 3@ T@ 18
111 _II._33 I_(_ELTWF.LT.O.O} _@ T@ 17
_11 - _1_.030 _|T[(13_,_l_) _ELTH@,DELP_Y_SNTHB_
_I_ - _1_-_0 17 S_'T_N=DEL=AY/DELTM3
117 - _17,303 W_ITE(13_,_I_) _ELTHB,DELPAY,SNTHBN
_1 _ - _17._33 W_ITE{13_500} SNT_BA
1p3 - _?_.930 SNT_P'gEL=_Y/gELTH@
325 " 7_5.030 _ITE(1D@e_15) _ELTH@_DELPAY_SNTH@ m
1_7 - 1_7._33 _FLT_q--3.
_2 _ " I_.003 50 T_ _
_ I_1.030 S_T4_&w(SNTH@P+SNTH@N)/_.
_1_ - q??.330 _ITE(13m_503) SNTH@A
q14 - _I_._33 _EL:_=I_O30.
7_ - ?]_.;33_____?.3.__
_7 - _7.900
3_D " 7_3,330
I=I - _1.033
q_7 - _47.n00
151 - _51._3D
I_R - =q=.333
3_1 - _3.330
IFI3E_PRg,EQ.C.-Q} 5@ T9 _?
Ir(_E_mRg.LT.n.O) GO T_ El
AqITE(10R_16) _ELP_@,DE_PAY_S_mR@I
_EL_l'13303. ......
3_ T_ 4_
W_ITE(In@,WI6) _E_PR_DELPAYmSNP_@N
SNm_3_=(S_JmP_P+_N=R@N)/2.
w_ITE(IDR,SC1) SN=_@k
...... 3 _ T_._
IF(_ELP_,_T,3.0) _B T_ 23
W_ITE(l_Ie_17) )ELm_B_DELPAY_S4mRB m
3 _ T_ _t
W_ITE{10_,_IT} 3ELP_B_DELPAY_SNm_BN
W_ITE(19_501) SNo_@A
)EL_,3o
3_ T3 _3
SNLAM_=DEL=AY
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qAq " q_5-f13_ _P]TE{19_,41F) _ELLAM_ELPAY_S4LAHm
q_ " _=,933 #_|TE(1_,_]R) )ELLAH,DELPAY$SNLAHN
q7 _ " _7_,_3_ _rLLA_._.
_7_ - _Z_._330 __rL_,s,,_l .......
_7_ " _7_,399 lr(_E_qq°.T,_*O) G9 Tq 27
_"7 " _7._30 3 _ T9 _
_31 &31.?gO _ q_:°_l_m_EL=AV/3Oegl
_77 - _37._3_ 3 n T_ _
a]_ - _13._33 S'4o_°-OEL_AYI_PRgl
_11 " ',11._33 WPI/E(13_,w21) )oRBI_)EL_AY_S_m3P
_1 _ " _I?,333 3P_I,-lO,
_11 - _1_.333 3n T9 W_
_17 - _17,333 _ITE(t_,503) SN=_A
_I _ - _1_.739 3ELVT,130,
_P_ " _P_*333 3LVTW-3VT-gVTX
_?_ " _q.333 I_(3Z_VT,LT,3,0) 39 T9 33
_ - _.300 _JVTO-DEL_^Y/_LVTX
_P_ - _._O _r_ITEtI_,_PP} )LVTX_DEL_AY,S_VTa
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_P_ - _i._ 33 SNvT4-_ELPAY_LYTX
_pm - _m,330 @r_IT_(19q,_22) _LVTX_ELP/YoSNVTN
_m - _-_0 SNVTk-(SNVTP+_NVTN)/2. _
_ql _1._39 _ITE(I_,50_) 5NVTA
_! " _q_._3O 3FL_?_'I_ •
_36 - _3_,_30 3LV_m_Vn3-3VMX
_7 " _37.90_ )EL_kY'-gFLP _
_ " _.330 #_ITE!l_R_23.)_}__Y_,_ELPAY_S_Pq3 p
_1 " _1.333 3EL=_3-'1?30 •
_7 - _7.3_0 3EL_ "_'
_51 - _51,n3 n 9ELJ3g-.91.SJ_LE
_53 " ,5_.390 35 lc(3ELgSg. EG;n_O) 3_ T9 37
_5_ " _5_.999 SNJ39--3E_J_9
_7 - 457._30 3ELJS?.._I_SJngRY
_5_ - _5_.g39 _7 I_{3ELJ3ToES.m.O)-G_ T9 3P
_9 " _69.900 SHLI_T=-gELJGT
_61 _41.999 4qITE(l_._51) 3EL_GT_SNJGT
_q - _6_.?_0 3ELJ3_'.g$_LJ _
_._5 " _,6_*"Y30-- 3-_-3FL_aYm'r)ELU3n'SNB_TN
_7_ " _73.939
_7 _ - _7_._0
_7_ - _7_o_33
_7_ - _7_._30
WnITE(IOR,_57) )EL_AY,SN_G_
SLg_ SEN41TIVITIE5 _ITW STqETCHED 4B TIN<
)194,-(gWD_*5_CgR_-m)
...... _LV'_,-(3xg_*_Ima3 _)
4_ITElln_,_25)
4eTTE(IO_2_) )33=,_19W
W_ITEtt_,w27) 3139,31SB
WRITE(19_,_2_} 3T49_3TWB
_ITE(_O_,_29} 3LVT
_RITE(ID_W331 )LV_
aqlT£(]O_w_l) 319a
_RITEIIOe_32) _P
AqlTE(19R,W3W) 3T_
xYZ,_,
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_m7 - 4_7._00
_ql - _1o333
=
_3 Cq_TI_gE
_XetTTE_I_qX_t[_C_E_E_T_&X,_ELTA PAYLBAD_*
_' L_'_r13.1,* L3_,;13.1_' L_/L_ _ )
_07 " K_7.930
50_ " _§_0---
_1_ " _13.333
_11 _11.333
_l_ - _1_,333 --
_1 _ - _15.333
_1_ " _1_.333
q17 " ¢17.303
_1 a - _i_._33
_9_ - _35_.___0___._,_L_,,r13.1_? L_e,__.I.._J__._L.5]LB ' }
q_ " _._30 _ _:',_1_.1, _ _',F13.1_ _ LB/SEC')
q33 " _3.333 _I_ rq_AT(1X,;_STE_ T_UST_,5_,KIO*2$
E* _ ',r11.1_ t LB_,KI_.I, _ L_/X _)
_16 rgo_at(tx_*O_ITE_ pR_mELLa4T*_I_,¢IO.2_
_ L_,,r1_.1, _ L_'*r13.5,' L_I_ _)
_17 rq_aT(1X,*_5_ST_ Pq_=E_LANT_,IX,rIO,_
_lg rq_HkT(1X_q_qT_ LA_Dk_,5XerlO.2,
q_l ¢_TilX,_gTE_ P_go+[NE _t _T*_r8"2 _
_, _ *,r13.1, _ i_,rL3.t,_ LgtX _)
4_2 r_q_T(IX,*T_TAL _ELT_ V;,_xeF10.2_
_ ro_*,r12.1,, L_',FI3.t_' LB/rms _)
_3 r_H_TClX,,_TTE_ _a_uEv 3ELTa V_FT._
52_ - _=_.030 _7 r_T(TX,'- _ELT_ I_ _ (SE3)_,17X_r7*3* _x_r7.0/)
_2_ " _%*_03 _-rs_AT(TX,_÷ nELTA V T_TAL (rPs)**13X,r7.0_13X,
5?7 " 5=7.333 _ .... _/)
_2_ " _*_90 _o .... _/)
- S3_ - 9_3.333 _1 rP_*T(_x,'DELT_ 3LO_/_E_T_ _AYL_A3 (LBILB)_,13XmF6"11)
_I _I.333 _2 c_=_T(SV, OD[LT_ 4_-=_/PELT_ PAYLO_D_,I_X_r6*_/)
_= -' _3>;530 q3* ILr_4_AT(_x,'O_LT_ 4-_3-_n_Y--T-/_ELT / PAYLSA_,13X,F6.3/)
h_ " _'t_.g30 _' q_C',r1_.l_ _ L_',F13.1, _ L_/SEC')
$3_ - _S._O0 4_6 rq_MaT(1x,,_nITE_ IS:(CSNST FLBW)_,F6.2a
_ - _3_.330 &_ S_:',cI_*I, ' _',rl _*1'_ L s/SECt}
_37 - _7.903 _53 _iT(1X,__IT____9_IT_/___ER .',2X_
_3 = " _q._--33--_ _- 1"*_3X,_ _F13"1_ _ L_er13o1 e_ L_/_')
57_ - _t_.330 _1 r_aT(1Xe°HS"TAN< G_TH/JNCE _o°e_xe
S_ " _3.033 _'- I.',3X,'X ',r13o1,' L_°_r13o1_ _ LB/_)
5_I " _1.330 452 :O_4T(IXe°B_PST[_ _RDt_TH/JNCERoea2X e
_ " _.333 K*" 1.'_3X,°X '_rI_.I,' LB_,r13oI_ _ LB/t _)
5_ " 5_.330 531 ¢_T(49x,_AV3*_¢lO,5)
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9. OUTPUT MODULE
The output module contains two basic options, either a simplified printout
or a detailed printout.
The simplified weight statement supplies the user with total vehicle weights
and performance parameters, such as, TW's, GLOW's and AV's.
The detailed weight statement exists in the form of the NASA Phase B functional
weight grouping. This coding gives a direct line-by-line comparison of ESPER's data
with the weight status report of the mainline Shuttle program.
Combinations of these two mainline options are numerous. For example, if the
user is running a fixed SRM and wishes to see details on the Orbiter, or if the
user is running a fixed Orbiter and wishes to see details on the SRM, etc.).
Figure 9-1 is a flow diagram of the Output Module followed by a detailed listing of
the program.
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OUTPUT
DATA >INITIALIZATION
SHORT 1
PRINT OUT
YES
@
DETAILED
PRINT-OUT
' YES
1N°
10R"TER IDETAILEDPRINT OUT
.._ EXTERNAL TANK 1
DETAILED
PRINT OUT
FIGURE9-1 FLOWDIAGRAM
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C_PY '_P_J_ T9 LP(<,_C)
q " _._33 C _:JT_UT 5UB_OJTINE
- 5._93 C T_E D;IHA_y =_I_P_SE _c THIS mR_SQAM IS T_ FORMAT THE
7 " 7__333_C___ ES°Z_ 9JTPJI.TwZ 3ASI: 9JT=UT I S_E._I3__$3.__mLIFIFD BR
- m._SD C _ETAI_E_ ,_EI3_T STATEmENT.THE SIMPLIFIED _EISHT STATEMENT
" _.g3g C _)==LIEq T_E UqEq _'IT4 T_TAL VEHICLE _EI3HTS A_3
lq = ]g,_Og C mE_^NCE _A_AMTTEqS,SJCH AS,TW,3L_W AND DELTA V.
11 11._n C TqE _ETAILED _EIS_T STATEMENT EXISTS i_ THE r_M _r THE
I _ - I_._?, _ _AqA _Aq E F_ F'J_CTI_N_L aFIGHT _R_JPINS.
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